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Purpose of Policy and Planning Committee meeting

This committee attends to all matters of policy developed either in-house or by third parties.

Responsibilities

Prepare and review regional policy statements, plans and strategies and convene as a
Hearing Committee as and when required for the hearing of submissions.

Monitor plan and policy implementation.
Develop biosecurity policy.

Advocate, as appropriate, for the Taranaki region.
Other policy initiatives.

Endorse submissions prepared in response to the policy initiatives of organisations.

Membership of Policy and Planning Committee

Councillor C L Littlewood (Chairperson)  Councillor N W Walker (Deputy Chairperson)

Councillor M G Davey Councillor M ] McDonald
Councillor D H McIntyre Councillor C S Williamson
Councillor E D Van Der Leden Councillor D N MacLeod (ex officio)
Councillor M P Joyce (ex officio) Councillor S Hitchcock (NPDC)
Councillor C Young (STDC) Councillor G Boyde (SDC)

Health and Safety Message

Emergency Procedure

In the event of an emergency, please exit through the emergency door in the
committee room by the kitchen.

If you require assistance to exit please see a staff member.

Once you reach the bottom of the stairs make your way to the assembly point at the
birdcage. Staff will guide you to an alternative route if necessary.

Earthquake

If there is an earthquake - drop, cover and hold where possible.

Please remain where you are until further instruction is given.
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Taranaki

Regional Counci POlicy 8 Planning

Date 4 February 2020

Subject: Confirmation of Minutes - Tuesday 19 November
2019

Approved by: A D McLay, Director - Resource Management

B G Chamberlain, Chief Executive

Document: 2407765

Resolve
That the Policy and Planning Committee of the Taranaki Regional Council:

a) takes as read and confirms the minutes of the Policy and Planning Committee meeting
of the Taranaki Regional Council held in the Taranaki Regional Council chambers, 47
Cloten Road, Stratford, Tuesday 19 November 2019 at 10.30am

b) notes the recommendations therein were adopted by the Taranaki Regional Council on
Tuesday 10 December 2019

Matters Arising

Appendices/Attachments
Document 2371362: Policy and Planning Meeting Minutes - Tuesday 19 November 2019
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MINUTES
Policy & Planning

Date 19 November 2019, 10.30am
Venue: Taranaki Regional Council chambers, 47 Cloten Road, Stratford
Document: 2371362
Members Councillors CL Littlewood (Committee Chairperson)
N W Walker
D H MclIntyre
C S Williamson
E D Van Der Leden
D N MacLeod (ex officio)
M P Joyce (ex officio)
Representative Representative Members have not yet been appointed.
Members
Attending Messrs B G Chamberlain  (Chief Executive)
G K Bedford (Director-Environment Quality)
M ] Neild (Director - Corporate Services)
A D McLay (Director - Resource Management)
SR Hall (Director- Operations)
G Severinsen (Manager Policy & Strategy)
S Tamarapa (Iwi Communications Officer)
R Phipps (Science Manager)
Mrs H Gerrard (Science Manager)
Mrs V McKay (Science Manager)
Mr S Ellis (Environment Services Manager)
(from 11 am)
Mr T Shanley (Project Manager - Towards Predator
Free Taranaki) (from 11 am)
Ms ] Mack (Committee Administrator)
Mr J Clough (Wrightson Consulting)
Mr C Young (South Taranaki District Council)
Mr G Boyde (Stratford District Council)
Ms S Hitchcock (New Plymouth District Council)
One member of the media and four further members of staff.
Apologies The apologies from Councillors M G Davey and M ] McDonald

were received and sustained.

Poljicy and Planning Committee Meeting Tuesday 19 November 2019
Document: 2371362
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Notification of
Late Items Councillor Walker had previously circulated an email to

21

Councillors regarding the climate change bill, which will be
discussed in general business.

Confirmation of Minutes - Tuesday 3 September 2019
Resolved
THAT the Policy and Planning Committee of the Taranaki Regional Council

a) takes as read and confirms the minutes of the Policy and Planning Committee
meeting of the Taranaki Regional Council held in the Taranaki Regional Council
chambers, 47 Cloten Road, Stratford, on Tuesday 3 September 2019 at 10.30am

b) notes that the minutes of the Policy and Planning Committee Meeting of the
Taranaki Regional Council held in the Taranaki Regional Council chambers, 47
Cloten Road, Stratford, on Tuesday 3 September 2019, at 10.30am were
authenticated by the Committee Chairperson, N W Walker, and the Taranaki
Regional Council Chief Executive, B G Chamberlain, pursuant to Model Standing
Orders.

McIntyre/ Walker

Matters Arising
There were no matters arising.

Submission on Proposed Priority Products and Priority Product Stewardship
Scheme Guidelines

Mrs H Gerrard, Science Manager, spoke to the memorandum to introduce a
submission that has been made to the Ministry for the Environment on a consultation
document, Proposed Priority Products and Priority Product Stewardship Scheme
Guidelines and to recommend its endorsement by the Council.

Recommended

That the Taranaki Regional Council:

a) receives and notes the submission sent to the Ministry for the Environment on the
Proposed Priority Products and Priority Product Stewardship Scheme Guidelines
by the due date of 4 October 2019

b) endorses the submission on the Proposed Priority Products and Priority Product
Stewardship Scheme Guidelines.

MacLeod/Williamson

Pogcy and Planning Committee Meeting Tuesday 19 November 2019
Document: 2371362
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Submission on a Proposed National Policy Statement on Highly Productive
Land

Mr G Severinsen, Manager Policy & Strategy, spoke to the memorandum to introduce
a submission made by Officers of the Council to a proposed National Policy Statement
on Highly Productive Land and to recommend that it be endorsed by the Council.

Recommended
That the Taranaki Regional Council:

a) receives the memorandum ‘Submission on a proposed National Policy Statement
on Highly Productive Land’

b) endorses the submission.

McIntyre/ Walker

Submission on Proposed National Policy Statement on Urban Development

Mr C Spurdle, Planning Manager, spoke to the memorandum to introduce a
submission made to the Ministry for the Environment and Ministry of Housing and
Urban Development on a proposed National Policy Statement on Urban Development,
and to recommend its endorsement by the Council.

Recommended
That the Taranaki Regional Council:

a) receives and notes the submission sent to the Ministry for the Environment on the
proposed National Policy Statement on Urban Development by the due date of 10
October 2019

b) endorses the submission on the proposed National Policy Statement on Urban
Development, subject to any changes suggested by Members.

Williamson/Joyce

Controller and Auditor-General’s report: Managing freshwater quality:
Challenges and opportunities

Mr G K Bedford, Director - Environment Quality, spoke to the memorandum to
introduce a report by the Office of the Controller and Auditor-General entitled
‘Managing freshwater quality: Challenges and opportunities’.

Recommended
That the Taranaki Regional Council:

a) receives the memorandum ‘Controller and Auditor-General’s report: managing
freshwater quality: Challenges and opportunities’.

MacLeod/Williamson

P0171cy and Planning Committee Meeting Tuesday 19 November 2019
Document: 2371362
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Annual report on the Progressive Implementation Programme: National
Policy Statement for Freshwater Management

Mr C Spurdle, Planning Manager, spoke to the memorandum presenting for Members’
information the annual report on the implementation programme for the National
Policy Statement for Freshwater Management 2014 (NPS-FM) for the 2018/2019
financial year.

Recommended

That the Taranaki Regional Council:

a) receives the memorandum ‘Annual report on the Progressive Implementation
Programme: National Policy Statement for Freshwater Management’

b) notes the progress on the implementation of the NPS-FM for the 2018/2019
financial year.

Van Der Leden/Walker

Update on Towards Predator-Free Taranaki Project

Mr S R Hall, Director - Operations, introduced Mr S Ellis, Manager Environmental
Services, and Mr T Shanley, Project Manager - Towards Predator Free Taranaki, who
spoke to the memorandum to present for Members’ information a quarterly update on
the progress of the Towards Predator-Free Taranaki project.

Recommended
That the Taranaki Regional Council:
a) receives this memorandum Update on Towards Predator-Free Taranaki project

b) notes the progress and milestones achieved in respect of the urban and rural
predator control and the zero density possum projects of the Towards Predator-
Free Taranaki project.

McIntyre/Walker

Proposal for New Zealand’s Next Biodiversity Strategy

Mr S R Hall, Director - Operations, spoke to the memorandum to present for
Members’ information a Government proposal for a revised New Zealand Biodiversity
Strategy (NZBS) and the Local Government New Zealand submission in response to
that proposal.

Recommended

That the Taranaki Regional Council:

Pogcy and Planning Committee Meeting Tuesday 19 November 2019
Document: 2371362
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a) receives this memorandum entitled Proposal for New Zealand’s next Biodiversity
Strategy and the attached regional sector submission.

Joyce/MacLeod

Our Marine Environment 2019: MfE and Stats NZ report

Mr G Severinsen, Manager Policy & Strategy, spoke to the memorandum to introduce
and briefly discuss ‘Our marine environment 2019, the latest report in New Zealand’s
environmental reporting series prepared by the Ministry for the Environment and
Stats NZ.

Recommended
That the Taranaki Regional Council:
a) receives the memorandum ‘Our marine environment 2019: MfE and Stats NZ report’.

Williamson/Van Der Leden

Submission on Resource Management Bill 2019

Mr C Spurdle, Planning Manager, spoke to the memorandum to introduce a submission
made by officers of the Council to the Resource Management Bill 2019 (the Bill).

Recommended

That the Taranaki Regional Council:

a) receives the memorandum Submission on the Resource Management Bill
b) endorses the submission.

MacLeod/Williamson

Report from the Parliamentary Commissioner for the Environment: ‘Focusing
Aotearoa New Zealand'’s environmental reporting system’

Mr GK Bedford, Director - Environment Quality, spoke to the memorandum to
introduce a report prepared by the Parliamentary Commissioner for the Environment
(PCE) and released on 7 November 2019, entitled ‘Focusing Aotearoa New Zealand’s
environmental reporting system’.

Recommended
That the Taranaki Regional Council:

a) receives the memorandum ‘Report from the Parliamentary Commissioner for the
Environment: Focusing Aotearon New Zealand’s environmental reporting system’.

Williamson/Walker

Pogcy and Planning Committee Meeting Tuesday 19 November 2019
Document: 2371362
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12.  Late item - Climate Change Response Emissions Trading Reform
Amendments Bill 2019

121  Councillor N W Walker proposed that a submission to the Bill be made, this would
potentially send a positive message to the landowners and the community involved
in the activity.

122 Mr B G Chamberlain, Chief Executive, responded that a submission be drafted on the
Bill and brought before members for their consideration.

Closing Karakia Mr S Tamarapa (Iwi Communications Officer) gave the closing
Karakia to the Policy and Planning Committee and Karakia for
kai (lunch).

There being no further business, the Committee Chairperson, Councillor C L Littlewood,
declared the meeting of the Policy and Planning Committee meeting closed at 12.10pm.

Confirmed
Policy and Planning
Chairperson:
C L Littlewood
Tuesday 4 February 2020

Po1lbcy and Planning Committee Meeting Tuesday 19 November 2019
Document: 2371362
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Date 4 February 2020

Subject: National Survey of Pesticides and

Emerging Organic Contaminants
(EOCs) in Groundwater 2018

Approved by: G K Bedford, Director - Environment Quality

B G Chamberlain, Chief Executive

Document: 2409795
Purpose
1. The purpose of this memorandum is to present the results of the National Survey of

Pesticides and Emerging Organic contaminants (EOCs) in Groundwater 2018, in which
the Taranaki Regional Council participated, and to discuss their significance.

Executive summary

2.

The Council’s Regional Freshwater Plan for Taranaki identifies the use of pesticides as an
activity that requires appropriate management to avoid adverse effects on the region's
groundwater quality, and to safeguard the ecological health of the region’s waterways
and the health of those who rely on them, including through municipal water supplies.

The Council routinely monitors for the presence of pesticides in groundwater through
participation in the national survey of pesticides in groundwater (the survey). The
survey is coordinated by the Institute of Environmental Science and Research Ltd (ESKR)
who also interpret and report on the results. Regional councils are given the opportunity
to participate in the survey by undertaking the collection of groundwater samples in the
field and covering the cost of sample analyses.

The Survey has been carried out every four years since 1990 with 2018 being the eighth
consecutive survey. Fourteen of the regional and unitary authorities with groundwater
management responsibilities participated in the 2018 survey. A total of 279 wells were
sampled across the country.

Samples taken as part of the survey are analysed by AsureQuality Ltd for a
comprehensive suite of pesticides. Improvements in analytical techniques mean that the
concentrations at which pesticide residues can be detected have significantly reduced
over time. This means that the potential for the number of detections is higher than
during earlier surveys (even though residual concentrations may actually be reducing)
and that detections can now be made well below concentrations that may be of health
and/or ecological concern.

11
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10.

The 2018 survey was unique in that, for the first time, it included the opportunity for
councils to elect to have additional screening of samples for emerging organic
contaminants (EOCs). EOCs are a broad group of organic compounds that are
commonly found in personal care products (e.g. shampoos, insect repellents, and
sunscreen) antibiotics and other pharmaceuticals, recreational compounds such as
caffeine and nicotine, industrial compounds and compounds from plastic packaging.
Samples were analysed for EOCs by Northcott Research Consultants Ltd. The Council
elected to participate in this component of 2018 survey, as did 11 other regional and
unitary authorities. Nationally, 121 groundwater wells were sampled for EOC analysis.

In collaboration with ESR, eight groundwater wells were selected for both pesticide and
EOC analysis in Taranaki as part of the 2018 survey. The well selection process was
based on a range of criteria that prioritised sites most vulnerable to contamination with
pesticides (and EOCs) given their location, depth, past or present land use and known
past or present pesticide usage. The sampling locations were therefore biased to higher
risk sites, rather than being a representative subset of the regional groundwater
resource, in that significantly reduced risk of contamination by these residues likely
exists elsewhere. A subset of sites sampled during previous surveys was retained in the
2018 survey to provide for temporal comparison.

The findings of the survey are reported within this memorandum, both from a national
and Taranaki specific perspective. This memo focuses on reporting the results from
local wells sampled, but a summary of national results is presented for information and
to provide context to local results. Results for pesticides are assessed against the relevant
health based standards for consumptive use set by the Ministry of Health (MoH) and/or
the World Health Organisation (WHO). Currently there are no health-based standards
set for concentrations of various EOCs in water, nor are their potential impacts on
ecological systems well understood.

In Taranaki, a single pesticide residue was detected, in one of the eight wells sampled
(13%). The concentration of the pesticide detected was only slightly above the limit of
detection for the specific compound (Terbuthylazine) and less than 1% of its maximum
acceptable value (MAV) as set out in the Drinking Water Standards for New Zealand
(DWSNZ). Nationally, detections were made in 68 of 279 wells sampled (24%), but no
concentrations of any pesticide were found to exceed safe limits for consumptive use as
set out in the applicable health standards. Terbuthylazine (as detected in Taranaki) was
the most widely detected pesticide nationally, being found at 13% of all sites.
Terbuthylazine is a selective herbicide used to control a wide range of perennial and
broadleaf weeds.

The 2018 survey also included an additional option for councils to have samples
analysed for glyphosate (trade name Roundup), a very widely used and long-
established herbicide that has more recently become controversial because of alleged
and disputed adverse effects upon human and/or environmental health. Glyphosate is
unlikely to leach through soils under normal conditions and degrades quickly. As a
result, glyphosate is unlikely to be detected in groundwater under most circumstances.
The results of the survey support this assessment. No glyphosate was detected in any
well sampled in Taranaki and only one detection was made across all sites sampled
nationally. It is though that the detection of glyphosate at this site (in Otago) was a result
of poor wellhead construction and contamination from the containers and activities
occurring around the well, rather than being a result of residues leaching to
groundwater following surface application.

12
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11. EOCs were detected at five of the eight Taranaki wells sampled during the 2018 survey.
The rate of EOC detection in Taranaki (63 %) was similar to that seen nationally (70%).
There was also a high degree of commonality in the substances detected. There are no
MAVs for non-pesticide EOCs in New Zealand, so no health relates risk assessment is
possible, nor are the environmental or ecological impacts of most EOCs well
understood.

12. This survey and its results provide some reassurance to the Council and the regional
community that the provisions of the RFIWP and the implementation of good practices
around the usage of pesticides are proving effective for the protection of the region’s
groundwater resources and their associated values and uses. The survey has also
provided a useful first screening and benchmark for the presence of EOCs in Taranaki
groundwater and officers will continue to monitor research developments in this
evolving field of water quality science.

Recommendations
That the Taranaki Regional Council:

a) receives the memorandum National Survey of Pesticides and Emerging Contaminants in
Groundwater 2018

b) notes the results of the survey, that pesticides are virtually undetectable in the Taranaki
groundwater or when present, are far below levels of concern for either environmental
or human health

c) notes the detection of various EOCs in groundwater in Taranaki (and nationally) and
that officers will continue to closely monitor research developments in this evolving
field of water quality science

Background

13. Pesticides, which include insecticides, fungicides, herbicides and plant growth
regulators, are commonly used in New Zealand to control insects, diseases and weeds in
primary industries such as horticulture, agricultural farming, and forestry. The
horticultural sector is the most intensive user of pesticides on a land area basis, followed
by arable, forestry and pastoral sectors. They are also used in urban areas e.g. domestic
vegetable gardens and lawns, and through roadside and recreational reserve spraying
for weed control.

14. Pesticide contamination of water is a subject potentially of national importance because
of the need to safeguard catchments used for municipal water supply (whether
groundwater or surface water), to provide for safe recreational contact uses of water
bodies, and more generally to recognise and mitigate against potential adverse effects of
pesticides on aquatic ecosystems and their component communities. Note that an
additional item on today's meeting agenda will provide details of a recent survey by the
Council on pesticide concentrations in surface water.

15. The analysis of EOCs as part of the 2018 survey is the first widespread survey of EOCs
in groundwater undertaken in New Zealand. EOCs can arise from sewage treatment
plants, industrial effluents, leaking sewage networks, runoff from agricultural, storm-
water and urban sources, application of effluents to land, and septic tank soakage fields.
Many of these sources are associated with urban environments. The study of the

13
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16.

17.

18.

19.

20.

distribution of EOCs and their potential health and ecological impacts is a developing
field of research and is not well understood currently.

Under the Resource Management Act (1991), regional councils have the responsibility to
maintain and enhance the quality of regional water resources. The Council recognises
that pesticide application to land is a potential point and diffuse source contaminant of
freshwater. The Regional Fresh Water Plan for Taranaki (RFWP) identified as an issue for
the region, adverse effects upon groundwater (and surface water) from the discharge of
contaminants to land and water, if these discharges are not managed properly and with
consideration of receiving water quality requirements. Objective 6.5.2 of the REWP is ‘to
promote the sustainable management of groundwater while avoiding, remedying or mitigating
adverse effects on groundwater quality from the discharge of contaminants’. Policy 6.5.3 is that
“The Taranaki Regional Council will manage the discharge of contaminants to land and water
such that any actual or potential adverse effects on groundwater quality are avoided, remedied or
mitigated’.

Surface water is likewise addressed. Objective 6.2.1 of the REWP is ‘to maintain and
enhance the quality of the surface water resources of Taranaki by avoiding, remedying or
mitigating adverse effects of contaminants discharged to land and water from point sources’,
while Objective 6.3.1 applies in similar vein to diffuse discharges. Policies 6.2.1-6.2.4,
6.2.7, and 6.3.1 provide a suite of considerations that the Council applies when assessing
discharges to land or water, including the values of the water body and the extent to
which these might be impacted. Policy 6.3.1 states explicitly that ‘Land use practices which
avoid, remedy or mitigate adverse effects on water quality will be encouraged and promoted
including...the careful use of agrichemicals’.

The application of agrichemicals in Taranaki is controlled in the current RFWP (eg Rules
32, 33, 34, 43) and Regional Air Quality Plan (Rules 56-58 and Appendices VI and VII). The
Council promotes the careful use of such chemicals in accordance with these rules and
the manufacturers' instructions, thus safeguarding off-target or secondary receiving
environments.

Section 10.3 of the RFWP sets out the Council’s commitment to undertake relevant
monitoring, either on its own account or by participation in monitoring and research
programmes conducted by other agencies. To ascertain the effectiveness of the controls
discussed above, and to confirm the ongoing state of the environment of Taranaki, the
Council routinely monitors the attaining of these objectives through its State of the
Environment groundwater (and surface water) monitoring programmes. This includes
the sampling of groundwater for pesticides in a collaborative nationwide programme
administered by ESR. This programme is undertaken on a cycle of about 4 years.
Surveys have been undertaken in 1990, 1994, 1995 (Taranaki-specific), 1998, 2002, 2006,
2010, 2014 and 2018. Traces of pesticides have been occasionally found in a few
individual monitoring wells in Taranaki during earlier surveys.

The National Environmental Standard for Sources of Human Drinking Water (2008; currently
under review) is a regulation made under the Resource Management Act. It imposes
requirements for protecting sources of human drinking water from becoming
contaminated. It does not apply to catchments not used for municipal supply, nor to
waters used to supply other consumptive purposes (eg stock drinking supply), nor to
ecological considerations. Specifically, it requires regional councils to be satisfied that
activities permitted in regional plans will not pose unacceptable risks to the quality of
community-scale drinking water supplies. The Government has noted that changes to
the intensity or composition of land-use activities in a catchment can introduce new
contaminants or increase the concentration of existing contaminants in the source

14
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waters. A review of regional council performance in implementing the NES undertaken
by MSE last year found that this Council was one of 7, out of 16, that had a “high’ level of
implementation of the drinking water NES when considering resource consent
applications, and as with almost all regional councils this Council had a ‘medium’” level
of implementation of the NES provisions within its regional freshwater plan. MfE’s
ratings for implementation of the NES within regional plans focused on the extent to
which plans had specific provisions applying to drinking water supply catchments. It
should be noted that the shaping and publication of the Council’'s REWP pre-dates the
NES; the NES does not require councils to retrospectively amend existing plans; and in
any case the Council is currently reviewing its plan and will incorporate the
requirements of the NES as the latter stand at the time (given that the NES is now under
review with a view to amendment).

Discussion
Programme design

21. In collaboration with ESR, eight groundwater wells were selected for both pesticide and
EOC analysis in Taranaki as part of the 2018 survey. The well selection process was
based on a range of criteria that prioritised sites most vulnerable to contamination with
pesticides (and EOCs) given their location, depth, past or present land use and known
past or present pesticide usage.

22. The eight wells selected for inclusion in the programme in Taranaki broadly covered the
region's most extensive shallow groundwater system (the Taranaki Volcanics) and our
predominant water supply aquifer (the Whenuakura aquifer). Site locations included
urban wastewater treatment sites, current and former nursery sites and pastoral farming
areas. The sampling network was therefore biased to higher risk sites, rather than being
a representative subset of the regional groundwater resource, in that significantly
reduced risk of contamination by these residues likely exists elsewhere.

23. A subset of sites sampled during previous surveys was retained in the 2018 survey to
provide for temporal comparison.

24. Samples were collected according to the ESR procedures for sampling pesticides and
EOCs, and purging procedures based on “A National Protocol for State of the
Environment Groundwater Sampling in New Zealand” (Daughney et al., 2006). Samples
were collected as close to the well head as possible using portable or in-situ pumps. In
most cases field measurements of pH, dissolved oxygen, conductivity and temperature
were recorded and a water sample only taken when these parameters had stabilised. For
each well sampled a field sheet was filled out and returned to ESR. Sample bottles were
supplied by analysing laboratories.

25. All samples for the pesticide analysis suites were sent to AsureQuality Ltd in Wellington
and analysed for acidic herbicides and a suite of organo-chlorine, organo-phosphorus
and organonitrogen pesticides. Samples from 7% of wells were collected in duplicate for
quality control purposes. The limits of detection achieved by the laboratory were far
below (by many orders of magnitude) relevant human health standards.

26. The 2018 survey was unique in that, for the first time, it included the opportunity for
councils to elect to have additional screening of samples for EOCs. The Council elected
to participate in the EOCs component of 2018 survey, as did 11 other regional and
unitary authorities. EOCs are a broad group of organic compounds that are commonly
found in personal care products (e.g. shampoos, insect repellents and sunscreen),

15



Policy and Planning Committee - National Survey of Pesticides and Emerging Organic Contaminants (EOC's) in Groundwater 2018

antibiotics and other pharmaceuticals, recreational compounds such as caffeine and
nicotine, industrial compounds and compounds from plastic packaging. Samples were
analysed by Northcott Research Consultants Ltd. Blind duplicate samples from five
wells (4%) were submitted to the laboratory as an additional quality control measure for
EOC analysis.

27. Nationally, the 2018 survey comprised of 279 wells sampled for pesticides and 121 wells
sampled for EOCs. The regions were sampling was undertaken and the individual
locations of sampled wells is set out in Figure 1 (pesticides) and Figure 2 (EOCs).

Results

28. Pesticides were detected in 68 of the 279 wells sampled nationally (24%). Herbicides
were the most frequently detected pesticide group with 98 detections (88% of all
pesticides detected) of 17 different herbicides and their metabolites, with seven
insecticides and one fungicide detected in the sampled wells. There were 80 detections
(71%) of triazine herbicides with terbuthylazine being the most frequently detected
pesticide (36 detections). No concentration of detected pesticides exceeded any MAYV for
drinking water at any site sampled. The highest detection as a percentage of the MAV
was dieldrin, detected at a concentration of 0.025 pg/L, which was 62.5% of the MAV of
0.04 pg/L. The next highest detections relative to the MAV were for total atrazine and
metabolites at 16.5% of the MAV, hydroxyatrazine (another atrazine metabolite) at 11%
of MAV assuming the same MAYV as for atrazine, then terbacil at 9.5% of the MAV. The
remainder of pesticide detections were less than 5% of the MAV.

29. In Taranaki, a pesticide was detected in one of eight wells sampled (13%) (Figure 1). This
rate of detection is approximately half that found nationally (24%). The organic
herbicide terbuthylazine was detected at an extremely low concentration (0.029 pug/L) at
site GND2515, a shallow monitoring well located within the boundary of the New
Plymouth Wastewater Treatment plant. The well is located away from the treatment
plant itself, on land occasionally used for stock grazing. The concentration of
terbuthylazine detected was only slightly above the limit of analytical detection and less
than 1% of the MAYV set out in the DWSNZ (8 ng/L). As discussed above, terbuthylazine
(as detected in Taranaki) was the most widely detected pesticide nationally, being found
at 13% of all sites sampled.

30. Terbuthylazine is a selective herbicide used to control a wide range of perennial and
broadleaf weeds. The sources of this herbicide at site GND2515 could be localised weed
control within the site itself or from the adjacent New Plymouth Golf Club. At the
concentrations detected, the presence of terbuthylazine at this site is of no health or
ecological concern and no additional investigations into the source are warranted.

31. Nation-wide, there was only one detection of glyphosate in the 135 wells sampled for
this substance (0.7%). The well was located in Otago and had a range of other pesticides
that were also detected in the sample, including atrazine and its metabolites, diazinon
and DDT. Glyphosate was detected at a concentration of 2.1 ug/L. The well has been
sampled on four previous surveys and has had pesticides detected during three of those.
An investigation carried out in 2019 found the wellhead at this site to be in poor
condition and chemical containers being stored in close proximity to the well, meaning
that ingress of chemicals from the surface was a high possibility. No MAV has been
established for glyphosate in drinking water in New Zealand. The WHO does have a
Health Based Value for glyphosate of 900 pg/L (WHO 2017). The concentration detected
at the site remained far below this value.
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32. No glyphosate was detected in any well sampled in Taranaki.

33. There is no evidence of any temporal trends in pesticide detection rates nationally, or
within Taranaki.

Pasticides detected (in 68 wells)
@ Well locations for 2018 Pesticide Survey (279 wells)
Paricipatng Council

) y Non-partic ipating Council

- ——

Figure 1: sampling sites for survey of pesticides in groundwater

17



Policy and Planning Committee - National Survey of Pesticides and Emerging Organic Contaminants (EOC's) in Groundwater 2018

® EOCs detectad (in 85 wells)
® Well locations for 2018 EOC Survey (121 wels)
Participating Council

) 4 Non-panicipating Counci
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Figure 2: sampling sites for survey of EOCs in groundwater
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34. EOCs were detected at 85 of the 121 wells sampled across the country as part of the 2018
survey (70%). Most of the EOCs detected in this study originate through human body
metabolisms such as caffeine, sucralose, ibuprofen, or steroidal hormones, or are applied
to skin for protection against ultraviolet rays. Other EOCs such as BPA are widely used
in packaging and plastic products or in the case of parabens, as food preservatives. It is
considered that these substances are likely to exhibit low toxicity to humans. There are
no drinking water MAVs for non-pesticide EOCs in New Zealand and any
environmental or ecological impacts of most EOCs are largely unknown.

35. EOCs were detected at five of the eight Taranaki wells sampled during the 2018 survey
(Figure 2). The rate of EOC detection in Taranaki (63 %) was similar to that seen
nationally (70%). There was also commonality in the substances detected.

36. Certificates of results from the analysing laboratories are available from Council officers
upon request.

Conclusions

37. The Council has continued to monitor for the presence of pesticides in groundwater
through participation in the National Survey of Pesticides and Emerging Organic
Contaminants 2018, which was coordinated by ESR. The Council's ongoing participation
in the national surveys, which take place at four yearly intervals, is in response to the
commitments and obligations of the Council as set out in its RFWP and various statutes
and regulations. It provides robust data for any discussion around the effect of pesticide
usage in the region and the appropriateness of current controls, and thus can inform the
shaping of the next Regional Land and Water Plan for Taranaki (in development).

38. The survey found no concentrations of pesticides in groundwater above any relevant
health standard in Taranaki, or nationally. The report prepared by ESR summarising the
results of the 2018 survey states that most groundwater in New Zealand should be
considered safe to drink with respect to pesticides. This conclusion is particularly valid
for Taranaki, where the rate of pesticide detections in groundwater was well below that
found nationally during the 2018 survey.

39. The rate of EOC detection in Taranaki was similar to that seen nationally. There was also
commonality in the substances detected. Given there are no MAVs for drinking water
for non-pesticide EOCs in New Zealand, and that the environmental or ecological
impacts of most EOCs are largely unknown, a detailed interpretation of these results is
not possible. It is nonetheless a useful first screening of Taranaki groundwater for the
presence of EOCs, and establishes a benchmark for future reference. Officers will
continue to monitor research and interpretation developments in this evolving field of
water quality science.

40. The results of the survey of pesticide residues in groundwater provide reassurance to
the Council and the regional community that the provisions of the RFWP and the
implementation of good practices around the usage of pesticides are proving effective
for the protection of the region’s groundwater and its uses.

Decision-making considerations

41. Part 6 (Planning, decision-making and accountability) of the Local Government Act 2002
has been considered and documented in the preparation of this agenda item. The
recommendations made in this item comply with the decision-making obligations of the
Act.
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Financial considerations—LTP/Annual Plan

42. This memorandum and the associated recommendations are consistent with the
Council’s adopted Long-Term Plan and estimates. Any financial information included
in this memorandum has been prepared in accordance with generally accepted
accounting practice.

Policy considerations

43. This memorandum and the associated recommendations are consistent with the policy
documents and positions adopted by this Council under various legislative frameworks
including, but not restricted to, the Local Government Act 2002, the Resource Management
Act 1991 and the Local Government Official Information and Meetings Act 1987.

Iwi considerations

44. This memorandum and the associated recommendations are consistent with the
Council’s policy for the development of Maori capacity to contribute to decision-making
processes (schedule 10 of the Local Government Act 2002) as outlined in the adopted long-
term plan and/or annual plan. Similarly, iwi involvement in adopted work
programmes has been recognised in the preparation of this memorandum.

Legal considerations

45. This memorandum and the associated recommendations comply with the appropriate
statutory requirements imposed upon the Council.

Appendices/Attachments

Document 2342829: National Survey of Pesticides and Emerging Organic Contaminants
(EOCs) in Groundwater 2018
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EXECUTIVE SUMMARY

In 2018 ESR coordinated a survey of pesticides in groundwater throughout New Zealand. The
survey has been completed every four years since 1990 with 2018 being the eighth
consecutive survey. Regional and Unitary Authorities carried out the well sampling and the
2018 survey was the first time that glyphosate, glufosinate and their metabolites, and a suite
of Emerging Organic Contaminants (EOCs) were included. The pesticide and glyphosate
analyses were carried out by AsureQuality and samples were analysed for acidic herbicides
and a suite of organochlorine, organophosphorus and organonitrogen pesticides, and for
glyphosate and three of its metabolites. The EOCs were analysed by Northcott Research
Consultants Ltd. ESR’s role was to coordinate the survey, advise on well selection as needed,

collate and interpret the results and provide a national summary report.

Wells were selected based on the importance of an aquifer to a region, known application and
storage of pesticides in the area, and the vulnerability of the aquifer to contamination. If
possible, where a well had been sampled during previous surveys, it was included in the
current survey to give a temporal comparison. The majority of the selected wells were from
unconfined aquifers, recognising that shallower, unconfined aquifers would be more at risk

than deeper aquifers.

Two regional councils provided pesticide results that were sampled outside of this survey. The
Waikato Regional Council provided results for an additional 41 wells that had been sampled
as part of a regional survey in December 2016. Environment Canterbury also provided results
for an additional 71 wells that had been sampled in late 2018. Both these datasets have been

included in this report to give a national perspective.

There were a total of 279 wells sampled and analysed for the pesticide suites, including the
41 wells from Waikato Regional Council and the additional 71 wells from Environment
Canterbury. There were 68 wells (24.4%) with pesticides detected, with 28 of these wells
having two or more pesticides detected. The maximum number of pesticides detected in one
well was six. Herbicides were the most frequently detected pesticide group with 98 detections
(88%) of 17 different herbicides and their metabolites. There were three pesticide detections
exceeding 1 pug/L with none of the sampled wells exceeding the Maximum Acceptable Value
(MAV) for drinking water. The highest detection as a percentage of the MAV was dieldrin,
which was detected at a concentration of 0.025 pg/L that was 62.5% of the MAV of 0.04 ng/L

2018 National Survey of Pesticides & EOCs in Groundwater
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(Ministry of Health 2018). Most pesticide detections were less than 0.5% of the MAV. Note
that pg/L = mg m= = ppb.

A total of 135 wells were analysed for glyphosate, glufosinate and their principal metabolites.
There was only one detection of glyphosate at a concentration of 2.1 ug/L. This well showed
evidence of poor well-head protection and the contamination likely came from containers that
were stored near the well. No MAV for glyphosate in drinking water has been set in New
Zealand. New Zealand follows WHO guidelines when setting its MAVs but there is currently
no WHO guideline; however, WHO does have a Health Based Value for glyphosate of 900
ug/L (WHO 2017). The detected level of 2.1 ug/L is far below this value.

121 wells were sampled and analysed for a suite of EOCs, with a total of 227 EOCs detected
in the 85 wells (70%). All regions that had samples analysed for EOCs had at least three wells
with EOCs present. There were 29 different EOCs in the analytical suite and 25 different EOCs
were detected in at least one well with the maximum number of EOCs detected in a single
well being 13. Most EOCs are used extensively by people or are produced by people (eg
estrogenic steroid hormones) and most do not have significant human toxicity when used
under normal conditions. There are no MAVs for drinking water associated with these EOCs.
However, some of these compounds have shown some endocrine disrupting effects in surface
waters and the main concerns with these EOCs are environmental or ecological impacts.
There are no or very few guideline values for EOCs regarding ecological impacts as the
relevant studies are sparse. Some EOCs, such as sucralose and caffeine, can act as tracers

of the presence of human activities or wastewater impacts in the groundwater system.

The most commonly detected EOC was bisphenol-A (BPA) that was detected in 40 wells, with
the UV filter compounds, OMC and BP3 next most common with 33 and 24 detections,
respectively. Sucralose, an artificial sweetener, was next most common with 18 detections.

The highest concentration measured was 655 ng/L for sucralose.

These results indicate that EOCs, sourced from either animal or human effluents/activities,
are making their way into shallow groundwater systems and can be detected at low
concentrations. Currently there is a lack of knowledge of the fate and effects of many EOCs
and whether the levels measured in this study are likely to have impacts for ecological

systems. We recommend that monitoring of EOCs in groundwater resources is extended and

2018 National Survey of Pesticides & EOCs in Groundwater
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that research is carried out to quantify the likely risks for the EOCs most frequently detected

in this study.

There is limited discussion in this report about temporal variation of pesticides in groundwater
with time, the correlation of pesticide detections with parameters such as well depth and
groundwater chemistry, and the occurrence of different classes of EOCs that were detected
in the groundwater survey. It was felt that it was more important to provide the actual results
of the survey of pesticide and EOC concentrations in groundwater to the regional councils as
soon as possible. Further analysis of the data is continuing and more extensive discussion will
be provided in a journal paper that will be prepared for publication and sent to all the councils

as soon as it is ready.

2018 National Survey of Pesticides & EOCs in Groundwater
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1. INTRODUCTION

When this series of surveys began in 1990, groundwater was, and it continues to be, an
important source of drinking water in New Zealand. Around 40% of the community drinking
water supplies around New Zealand utilise groundwater (Davies 2001). In addition, many
individual rural households rely on groundwater for their drinking water needs. In the majority
of regions throughout New Zealand the volume of abstracted groundwater is increasing due
to increased demand from the agricultural (irrigation) and industry sectors as well as from
drinking water use. Groundwater quality, however, in some urban and rural areas has been
steadily degrading and is increasingly under pressure as land use intensifies (MfE & StatsNZ,
2019).

Regional councils are responsible for the management of our water resources and carry out
regular monitoring programmes to assess their quality. There is interest from the community
about whether pesticides, Emerging Organic Contaminants (EOCs) and in particular if
glyphosate is reaching the groundwater systems. In an increasingly globalised world the
consumers of our export products value and demand traceability as well as ensuring that our
agricultural systems are environmentally responsible (Ministry for Primary Industries, 2019).
Pesticides, which include insecticides, fungicides, herbicides and plant growth regulators, are
commonly used in New Zealand to control insects, diseases and weeds in primary industries
such as agricultural farming, forestry and horticulture (Manktelow et al., 2005). The
horticultural sector is the most intensive user of pesticides on a land area basis (13.2 kg active

ingredient/ha) followed by arable, forestry and pastoral sectors (Manktelow et al., 2005).

Glyphosate (common name Roundup) is widely used in New Zealand and other countries as
a general purpose herbicide. It binds to soil and is readily degraded and therefore is not
expected to leach to groundwater. It is commonly found in surface waters. However, a recent
study in the USA (Battaglin et al., 2014) compiled data from a range of sources including
groundwater, that had been analysed using an improved analytical method with a reporting
limit of 0.02 ug/L (Note that ug/L = mg m = ppb). They found low levels of glyphosate in 5.8%
of samples from groundwater and similarly low levels of its metabolite,
aminomethylphosphonic acid (AMPA) in 14.3% of groundwater samples. In early 2017
Environment Waikato analysed 40 wells for glyphosate and AMPA (Hadfield, 2017). The

2018 National Survey of Pesticides & EOCs in Groundwater
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samples were analysed at AsureQuality with a detection limit of 1 ug/L. No glyphosate was
detected in any of the samples but AMPA was detected in one well at a concentration of 1.9
ug/L. There is no Maximum Acceptable Value (MAV) for glyphosate or its metabolites with
respect to drinking water and the US Environmental Protection Agency has stated that
glyphosate is no more than slightly toxic to birds, fish, and aquatic invertebrates and exhibits

low oral and dermal toxicity to humans (USEPA 1993).

Glyphosate and AMPA was analysed using a separate extraction and LC-MS/MS detection.
Glufosinate and one of its metabolites, MMPA, are also detected using this method.
Glufosinate is a naturally occurring broad-spectrum systemic herbicide produced by several
species of Streptomyces soil bacteria. The compound irreversibly inhibits glutamine
synthetase, an enzyme necessary for the production of glutamine and for ammonia
detoxification, giving it antibacterial, antifungal and herbicidal properties. Application of
glufosinate to plants leads to reduced glutamine and elevated ammonia levels in tissues,
halting photosynthesis, resulting in plant death (Wikipedia, accessed June 2017). While their
spectrum of control is comparable for several weed species, glufosinate tends to be more
effective on annual broadleaf weeds than annual grasses, while glyphosate is more effective
on grasses. Glufosinate is a "contact" herbicide, in contrast to glyphosate being extensively

translocated within the plant.

For the first time EOCs have been included to determine their prevalence in groundwater.
There are a wide range of organic compounds that are used widely in the domestic, industrial
and agricultural sectors. Some of these compounds have been detected in freshwater systems
and are known as emerging contaminants. Some of these compounds are more likely to be
transported into surface water systems rather than groundwater depending on their mobility
and persistence characteristics. EOCs include personal care products, for example,
shampoos, insect repellants, and sun screens, anti-biotics and other pharmaceuticals,
estrogens, recreational compounds such as caffeine and nicotine, industrial compounds and
compounds from plastic packaging (bisphenol A). There are a few studies on their leaching
properties that have been carried out for some of these compounds and there is work being
carried out on their presence in wastewaters. However, we know little about most of their
transport characteristics and almost nothing about their occurrence in New Zealand
groundwater systems. Two regional studies have been recently carried out looking for EOCs
in groundwater. A MSc study looked for a suite of 25 EOCs in Canterbury groundwater (van

der Krogt, 2018) and found at least one EOC in 26 out of 33 samples taken from 18 wells. The
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five most commonly detected EOCs were BPA, octyl phenol (industrial compounds), BP3 (UV
filter), methyl paraben and propyl paraben (preservatives). A regional study has been carried
out in the Waikato region using a wide-screening approach (723 compounds) for EOCs in
groundwater (Moreau et al., 2019). They sampled 61 wells and found EOCs in 91% of the
baseline sites (51 wells) in 2018. Most of the EOCs detected (75%) were pesticides, with

pharmaceutical and industrial chemicals being the next most common groups.

National surveys of pesticides in groundwater have been carried out at four yearly intervals
since 1990 with this current survey being the eighth consecutive survey. Previous national and
regional groundwater surveys in New Zealand have shown low levels of pesticides in some
groundwater systems, particularly those shallow unconfined systems that are vulnerable to
contamination. While the concentrations of detected pesticides have generally been less than
1% of the respective MAV, there have been occasional exceedances of the MAVs. Triazine
pesticides, which are commonly used to kill weeds, are the group of pesticides most commonly
detected. Further details of previous surveys are summarised in Close and Humphries (2015),
Close and Skinner (2011), Gaw et al., (2008), Close and Flintoff (2004), Close and Rosen
(2001), Close (1996) and Close (1993). In addition to the national surveys some regions have
also undertaken their own more intensive monitoring programmes (Hadfield and Smith, 1999;
Taranaki Regional Council, 1995; Hadfield, 2013).

The seventh national survey in 2014 sampled 165 wells from regions throughout New Zealand,
including the additional 40 wells sampled by Waikato Regional Council (Close and Humphries,
2016). There were 28 wells (17%) with pesticides detected, with 10 wells having two or more
pesticides detected. There were one or more wells with pesticides detected in six of the 13
regions. Pesticides were not detected in wells from the Hawke’s Bay, Taranaki, Horizons
(Manawatu-Wanganui), Greater Wellington, Marlborough, Canterbury and Otago regions.
There was one well in the 2014 survey with a pesticide concentration greater than the MAV
for drinking water (Ministry of Health, 2008). There were a total of 21 different pesticides
detected in the 2014 survey. Herbicides were the most common pesticide group detected
followed by insecticides and fungicides. There were a total of 51 pesticide detections and of
these detections, 44 (86%) were herbicides. There were 31 detections of triazine herbicides.

Levels of only four of the 51 pesticide detections exceeded 1 ug/L.

2018 National Survey of Pesticides & EOCs in Groundwater
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This report gives the results from the eighth national survey. The sampling for this survey was
carried out in late 2018, mostly between September and November. The Waikato Regional
council provided results for an additional 41 wells that had been sampled in late 2016 as part
of their regional survey. Environment Canterbury also provided additional results for 71 wells
that had been sampled in late 2018. Both these datasets have been included in this report to

give a national perspective.

There is limited discussion in this report about temporal variation of pesticides in groundwater
with time, the correlation of pesticide detections with parameters such as well depth and
groundwater chemistry, and the occurrence of different classes of EOCs that were detected
in the groundwater survey. It was felt that it was more important to provide the actual results
of the survey of pesticide and EOC concentrations in groundwater to the regional councils as
soon as possible. Further analysis of the data is continuing and more extensive discussion will
be provided in a journal paper that will be prepared for publication and sent to all the councils

as soon as it is ready.

2018 National Survey of Pesticides & EOCs in Groundwater
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2. METHODOLOGY

21 WELL SELECTION

In collaboration with ESR wells were selected by each participating council using the following

criteria:

¢ shallow, unconfined and vulnerable aquifers
¢ significant and important aquifers
e past or present land use

e known or suspected pesticide storage and use

If possible, where a well had been sampled during previous surveys it was also included in
the 2018 survey to provide a temporal comparison. Wells were also selected in areas that
were under-represented or not sampled in previous surveys. For each well the following
information was requested from the council: well location, water level, depth of the well screen,
the type of aquifer, and the general land use in the area. A balance was sought between
selecting wells that were most vulnerable to contamination (shallow and screened near the
water table) and wells that reflected the general usage of the aquifer. Most of the selected

wells were from unconfined aquifers.

Fourteen of the Regional and Unitary Authorities with groundwater management
responsibilities participated in the 2018 survey. The West Coast Regional Council did not
participate in the 2018 survey. The Waikato Regional Council carried out their own regional
survey in 2016 as did Environment Canterbury in late 2018. The results from 41 wells from
the Waikato Region and the additional 71 wells from the Canterbury region were included in
this survey (Figure 1). The number of wells sampled in each region depended on the usage
of pesticides in the region, the importance of groundwater resources to the region, and

whether the council had recently carried out regional monitoring of pesticides.

A total of 121 wells were selected and sampled from 12 regions and analysed for a suite of
EOCs. The Waikato Regional Council had participated in a regional survey of EOCs earlier
in 2018 (Moreau et al., 2019) so did not take part in this survey. The distribution of wells

sampled for EOCs in shown in Figure 2.
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Figure 1: Regions and sampling locations for the 2018 survey of pesticides in
groundwater.
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Figure 2: Regions and sampling locations for the 2018 survey of EOCs in
groundwater.
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2.2 SAMPLING

Samples were collected according to the ESR procedures for sampling pesticides and EOCs
(Appendix A) with purging procedures based on “A National protocol for State of the
Environment Groundwater Sampling in New Zealand” (Daughney et al., 2006). According to
these procedures each council was asked to purge three well volumes where possible before
sampling. Samples were collected by either portable pumps or in-situ pumps as close to the
well head as possible. In most cases field measurements of pH, dissolved oxygen, conductivity
and temperature were recorded and a water sample only taken when these parameters had
stabilised. For each well sampled a field sheet was filled out and returned to ESR (Appendix
B). Bottles for pesticide and glyphosate analysis were supplied by AsureQuality and bottles

for EOC analysis were supplied by Northcott Research Consultants Ltd.

2.3 LABORATORY ANALYSIS

2.3.1 Pesticide analysis

All samples for the pesticide analysis suites were sent to AsureQuality in Wellington and
analysed for acidic herbicides and a suite of organo-chlorine, organo-phosphorus and organo-
nitrogen pesticides (OC/OP/ON) using gas chromatography with a mass spectrometry
detector (GC-MS). The acid herbicide analysis involved solid phase extraction and
derivatisation of the extract with diazomethane followed by GC-MS analysis using single ion
monitoring. The OC/ON/OP pesticide analysis involved extraction with dichloromethane and
a pre-concentration step followed by GC-MS analysis in scan mode. Samples from 7% of

wells were collected in duplicate as blind duplicate samples for quality control purposes.

The pesticides assayed and their detection limits are provided in Appendix C. The detection
limits for this survey were similar to 1998, 2002, 2006, 2010, and 2014 surveys but significantly
lower than the limits for the 1994 and 1990 national surveys by a factor of between 5 and 10.
The groundwater samples for Waikato Regional Council and Environment Canterbury were

analysed by Hill Laboratories which had similar methods but slightly lower detection limits.
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2.3.2 Glyphosate and Glufosinate analysis

The samples for the pesticide analysis suites were sent to AsureQuality in Wellington and
analysed for glyphosate, glufosinate and their principal metabolites, AMPA (from glyphosate)
and MPPA (from glufosinate). The analysis used liquid chromatography with a tandem mass
spectrometry detector (LC-MS/MS). The pesticides assayed and their detection limits are

provided in Appendix C.

2.3.3 Emerging Organic Contaminants (EOCs)

Upon receipt by NRC Ltd at Plant and Food Research in Hamilton the bottles of groundwater
samples were checked for damage, correlated against the supplied inventory and sampling

details, and immediately transferred into a walk-in chiller and stored in the dark at 4°C.

Particular care was taken to avoid potential contamination of the groundwater and Quality
Assurance (QA) samples with EOCs during all steps of the preparatory, extraction and
purification process. Laboratory personnel undertaking these tasks were required to avoid
drinking coffee and tea for a period of 16 hours proceeding, and for the duration when working
with the samples. These same personnel were similarly asked to refrain from applying
cosmetics and skin moisturisers and were required to where nitrile gloves when handling the

samples.

Sample preparation

The bottles of groundwater samples were removed from storage at 4°C and the pH adjusted
to <2.5 by the addition of 6M sulphuric acid. The aqueous samples were filtered through a
glass microfiber filter (47 mm, Labservice) topped with diatomaceous earth filter aid media
(Hyflo SuperCel) to remove particulate material. The sample filtrate was collected in pre-
cleaned 2L Glass Schott bottles.

The filtered groundwater samples extracted for the analysis of EOCs excluding
pharmaceutical compounds were spiked with a solution of carbon-13 labelled analogues of
target EOCs for use as surrogate recovery compounds. Filtered groundwater samples being

extracted for pharmaceuticals were spiked with the acidic herbicides dichlorprop, flamprop
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and MCPB, and the plant growth regulator naphthalene acetic acid for use as surrogate

recovery compounds

Sample extraction and purification

Emerging organic contaminants (EOCs) in the filtered groundwater samples (dissolved phase)
were extracted by solid-phase extraction (SPE). Neutral and phenolic EOCs were extracted
by SPE using Waters Oasis HLB cartridges and pharmaceuticals using Waters Oasis MCX
cartridges. The EOC sample extract was split into two equal portions- one for analysis of
neutral EOCs and the other for polar EOCs requiring chemical derivatisation for analysis by
gas chromatography mass-spectrometry (GCMS). The portions of split sample extract were
transferred into vials, capped and sealed and stored under refrigeration for analysis. One half
of the EOC sample extract was exchanged into acetone, deuterated internal standards added,

and transferred into GC vials for the analysis of non-polar neutral EOCs.

Sample extract derivatisation

A solution of deuterated polar internal standards was added to the second portion of the EOC
sample extracts and the polar EOCs (steroid hormones, phenolic antimicrobials, paraben
preservatives, UV filters, succralose) were derivatised to their respective trimethylsilyl ethers
using a catalytic mixture of N-methyl-N-(trimethylsilyl)trifluoroacetamide (MSTFA), ammonium

iodide, and mercaptoethanol.

An internal standard mixed solution containing deuterated monocarboxylic phthalate acid
esters and ibuprofen-d3 was added to the pharmaceutical sample extracts which were
evaporated to dryness and converted to their respective tertiary-butyl dimethyl silyl esters by
reaction with N-tert-butyldimethyl- silyl-N-methyltrifluoroacetamide (MTBSTFA) with 1% t-
butyldimethylsilyl chloride (TBDMSCI).

Instrumental analysis of EOCs

The analysis of the different classes of EOCs required the use of different GCMS instruments
and instrumental analysis methods. Paraben preservatives, phenolic antimicrobials and UV
filters were analysed using an Agilent 6890N gas chromatograph coupled to a 5975 mass
spectrometer operating in single ion monitoring mode. Quantitation of target EOCs was

achieved by internal standard quantitation using Agilent Chemstation MS software. Steroid
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hormones, neutral EOCs, BPA and acidic pharmaceuticals were analysed using an Agilent
7000 series triple quadrupole GCMS operating in MS/MS mode. Quantitation of target EOCs
was achieved by internal standard quantitation using Agilent Mass Hunter Quantitative

Analysis software.

Quality assurance procedures

Each individual sample was spiked with a mixed solution of surrogate recovery standards at
a concentration of 50 ng/L (parts per trillion) and 25 ng/L, respectively for neutral and polar
EOCs and pharmaceuticals. Quality Assurance (QA) samples incorporated into the analysis
of ground water samples included blank SPE cartridges, Milli-Q water blank samples, Milli-Q
water samples spiked with target analytes. The QA Milli-Q water spike samples were spiked
with mixtures of the target analytes at an equivalent concentration of 50 ng/L and 25 ng/L

respectively for neutral and polar EOCs and pharmaceuticals.

Comparative standards, comprising the same volume of each individual QA spike solution
incorporated into each batch of extracted samples, were prepared by dispensing aliquots of
the individual QA spike solutions into labelled vials at the same time they were added to each
batch of samples. The percentage recovery of surrogate and target compound spikes was
determined by directly comparing the concentration of analytes measured in QA and sediment

samples against that measured in the corresponding comparative standard(s).

Background concentration of EOCs

Residues of three EOCs, namely Bisphenol-A (BPA), octinoxate and oxybenzone were
detected in SPE cartridge blanks and Milli-Q water blanks at mean equivalent concentrations
of 2.33, 2.15 and 2.19 ng/L respectively. No residues of pharmaceutical compounds were

detected in any of the QA blank samples.

The results reported for BPA, octinoxate and oxybenzone were corrected against the blank

concentration measured in each batch of extracted samples.

Method detection limits

Method detection limits (MDLs) for individual EOCs were calculated using a signal-to-noise
ratio of 3:1 and by assessment of the mean concentration of target EOCs detected in the QA

blank samples. The higher of these two values was adopted as the MDL for each individual
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compound. The resulting confirmed MDLs obtained for the target analytes are listed in Table
7. The final MDLs obtained for seven target EOCs were higher than initially estimated. The
final MDLs obtained for bisphenol-A, octinoxate and oxybenzone increased because of their
presence as background contaminants in the QA SPE and Milli-Q water blanks. The MDLs for
the stimulants caffeine, 1,7-dimethylxanthine, nicotine and cotinine increased above initial
estimates due to the relatively low intensity of their respective mass ions combined with
increased background contributions of these low mass ions impacting on the sensitivity of

mass detection.
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3. RESULTS

A total of 167 wells were sampled and the groundwater samples sent to AsureQuality in
Wellington. The Waikato Regional Council provided results for an additional 41 wells that had
been sampled as part of their regional survey in December 2016 and were sent to Hill
Laboratories. Environment Canterbury also provided results for an additional 71 wells that
were sampled as part of a regional survey and were analysed by Hill Laboratories. Both these
additional datasets were included in this report to give a national perspective, giving a total of
279 wells for the pesticide suites. Glyphosate, Glufosinate and their metabolites were
analysed on samples from 135 wells and the EOC suite was analysed on samples from 121

wells.

3.1 ASSESSMENT OF SURVEY METHODOLOGY

3.1.1 Pesticides

Blind duplicate samples from 12 wells (7 %) were submitted to the analytical laboratory as a
quality control measure. Most of the blind duplicate samples did not have detectable
pesticides present and there was very good agreement for 11 of the 12 duplicate analyses
(Table 1). Well 7428105 from Auckland had 2,4-DB detected in one duplicate and bentazone
detected in the other duplicate sample, both at concentrations just above the detection limits.
All of the blind duplicate samples had no detections for Glyphosate as there was only one
detection from all the sampled wells and that particular well was not sampled as one of the

blind duplicates.

3.1.2 Emerging Organic Contaminants

Blind duplicate samples from 5 wells (4%) were submitted to the analytical laboratory as an
additional quality control measure. There was very good agreement for four of the five
duplicate analyses (Table 2), with well GND2515 having 9 different EOCs detected in both
duplicates with reasonably similar concentrations in each sample. There were differences in
the samples from well 362397, with one sample having detections of caffeine and octinoxate

(OMC) and the other sample having no detections of any EOC.
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Table 1: Comparison of Blind Duplicate samples for pesticides suite.
(ND, not detected)

Pesticide Concentration

Regional Council

Council Well ID (Blind duplicate) (ngl/L)
NO”h'g”d Regional 1355 (Blind Duplicate) ND (ND)
ouncil
2,4-DB 0.1 (<0.1)
Auckland Council 7428105 (Blind Duplicate)

Bentazone <0.1 (0.11)

Bay of Plenty 1001289 (Blind Duplicate) ND (ND)

Regional i
egional Counci 1001290 (Blind Duplicate) ND (ND)
Hawkes Bay 16095 (Blind Duplicate) ND (ND)

Taranaki Regional

GND2515 (Blind Duplicate)

Terbuthylazine

0.028 (0.030)

Council

Council
315027 (Blind Duplicate) Bentazone 0.13 (0.14)
HO”Z%”S Regional 338005 (Blind Duplicate) ND (ND)
ouncil
372136 (Blind Duplicate) ND (ND)
Tasman District 524 (Blind Duplicate) Bentazone 0.35(0.36)
Council 6342 (Blind Duplicate) ND (ND)
Otago Regional G41/0045 (Blind Duplicate) ND (ND)

Surrogate standard recovery for EOCs

The results obtained from quality assurance procedures met or exceeded accepted standards

for laboratories undertaking trace analysis of organic contaminants and pesticides.

The recovery of surrogate standards spiked into all of the analysed ground water, and Milli-Q
water blank and spiked QA fell within the accepted range of 70% to 130 % (Table 3). The
relatively narrow 95% confidence intervals for the mean recovery of surrogate standards
reflects in part the high total number of ground water and QA samples from which this data
was derived (N = 147). Regardless, the recovery data obtained of the surrogate spike
compounds demonstrates good overall reproducibility of the sample extraction and analysis

method.
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Council Well ID (Blind duplicate) Pesticide Concentration (ng/L)
Horizons Caffeine ND (3.12)
Regional 362397 (Blind Duplicate) ]
Council Octinoxate ND (13.2)
Bisphenol-A 5.05 (5.55)
Caffeine 7.08 (4.39)
Carbamazepine 73.1(72.1)
Taranaki Diclofenac 89 (107)
Regional GND2515 (Blind Duplicate) 4-methylbenzylidene camphor | 11.8 (12.7)
Council Octinoxate 7.85 (10.7)
o-phenylphenol 7.31 (4.93)
Oxybenzone 26.5 (24.3)
Sucralose 266 (1043)
Otago Regional | £40/0045 (Blind Duplicate) Bisphenol-A 55.1 (42.6)

Table 3: Recovery of surrogate standards spiked into groundwater and quality

assurance samples.

Recovery compound | 95% confidence interval Range
for mean % recovery # (min-max)
Bisphenol-A-13C6 89.5+1.7 78.5-102.7
Butyl paraben-13C6 102.5£ 2.2 75.4 — 1241
Caffeine-13C3 76625 70.3 -1231
17B-estradiol-13C6 925117 75.6 —122.7
Estrone-13C6 926+1.9 74.6 —107.3
Methyl paraben-13C6 89.5+15 82.8-104.8
4n-nonylphenol-13C6 82.0+1.5 71.2-90.5
Oxybenzone-13C6 112.6 £ 6.1 86.5-127.2
o-phenylphenol-13C6 769+ 21 70.6 -110.8
Triclosan-13C6 96.2 + 2.1 86.5-120.8
Dichlorprop® 108.9+1.8 89.9-1153
Flamprop® 971128 72.2-123.9
MCPBB 117 +£0.8 99.0-127.0
NAABC 98.2+0.7 83.9- 106.1

AN=147; Bsurrogate for acidic pharmaceuticals; cnapthalene acetic acid

2018 National Survey of Pesticides & EOCs in Groundwater

18
46




Policy and Planning Committee - National Survey of Pesticides and Emerging Organic Contaminants (EOC's) in Groundwater 2018

Target analyte recovery for EOCs

The mean percentage recovery of target analytes spiked into the Quality Assurance Mill-Q
water spike recovery samples similarly largely fell within the accepted range of 70% to 130 %.
Recoveries of <70% were occasionally obtained for a limited number of target EOCs,
principally the more volatile chemicals (Caffeine, nicotine etc) and the highly polar and water
soluble sucralose. Despite the occasional recovery of <70% being obtained the corresponding
mean recovery for these EOCs were above 70%. Overall, the mean and 95% confidence
intervals calculated for the recovery of target EOCs from the QA spike samples demonstrated

an acceptable and consistent recovery.

The combined results obtained for the recovery of surrogate compounds and target analyte
EOCs from the individual analysed samples and quality assurance spike samples

demonstrates the robustness of the employed methodologies.
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3.2 SURVEY RESULTS

3.2.1 Pesticides

With the addition of the 41 wells from the Waikato Regional Council and the 71 additional wells
from Environment Canterbury, there were a total of 279 wells sampled with 68 wells (24.4%)
having pesticides detected. The additional wells from Waikato had the same detection
frequency (24.4%) while the additional wells from Canterbury had a slightly higher detection
frequency (32%) compared to the national detection frequency. There were one or more wells
with pesticides detected in 6 of the 13 participating regions (Table 4), with regional detection
rates varying from 0 to 83% (note that the higher rates were for a small number of sampled
wells). Pesticides were not detected in sampled wells from Bay of Plenty (25 wells) and
Hawkes Bay (14 wells). In 28 of these wells (10%) two or more pesticides were detected
(Table 4). The maximum number of pesticides detected in one well was six. Twenty-five

different pesticides, including metabolites, were detected in the sampled wells (Table 5).

Herbicides were the most frequently detected pesticide group with 98 detections (88%) of 17
different herbicides and their metabolites, with seven insecticides and one fungicide detected
in the sampled wells. There were 80 detections (71%) of triazine herbicides with terbuthylazine
being the most frequently detected pesticide (36 detections). There were three pesticide
detections exceeding 1 ug/L with none of the sampled wells exceeding the MAV for drinking
water. The highest detection as a percentage of the MAV was dieldrin which was detected at
a concentration of 0.025 ng/L which was 62.5% of the MAV of 0.04 pg/L (Ministry of Health
2018). The next highest detections relative to the MAV were for total atrazine and metabolites
at 16.5% of the MAV, hydroxyatrazine (another atrazine metabolite) at 11% of MAV assuming
the same MAV as for atrazine, then terbacil at 9.5% of the MAV. The remainder of pesticide

detections were less than 5% of the MAV.

There was only one detection of glyphosate in the 135 wells (0.7%) that were sampled. This
well also had a range of other pesticides detected in the sample including atrazine and its
metabolites, diazinon and DDT. This well is a reasonably shallow, large diameter well (depth
= 20 m; diameter = 1.0 m). It has been sampled on four previous surveys and has had

pesticides detected for three of those surveys. On investigation in 2019 it was found that the
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condition of this wellhead was poor and there were chemical containers stored close to the

well, meaning that ingress of chemicals from the surface was a high possibility.

No MAV for glyphosate in drinking water has been set in New Zealand. New Zealand follows
WHO guidelines when setting its MAVs but there is currently no WHO guideline; however,
WHO does have a Health Based Value for glyphosate of 900 pg/L (WHO 2017). The detected

level of 2.1 nug/L is far below this value.

The range of concentrations found, MAV values, groundwater ubiquity scores (GUS), and the
mobility and degradation characteristics of each pesticide are given in Table 5. The mobility
and degradation values come from the National Pesticide Information Centre, which hosts

several pesticide properties databases (http://npic.orst.edu/) as at September 2019, unless

otherwise noted. The selected value listed in this database, plus the range of values in the
literature, are given in Table 5. The mobility is represented by the soil organic carbon sorption
coefficient (Koc). Kocis calculated by measuring the ratio, Kd, of sorbed to solution pesticide
concentrations after equilibrium of a pesticide in a water/soil slurry and then dividing by the
weight fraction of organic carbon present in the soil. High Ko values indicate compounds with
high absorption to soils and low mobility. The soil half-life is the time it would take for half the
amount of pesticide to degrade in soil, assuming a first order degradation process. The GUS
scores are a simplified assessment of whether a pesticide is likely to leach or not (Gustafson,

1989) and are calculated as:

GUS = logio(soil half-life) x (4-logio(Koc))

GUS value greater than 2.8 indicates that the compound would leach relatively readily and a
GUS score of less than 1.8 indicates a ‘non-leacher’. There is a transitional zone between 1.8
and 2.8 where pesticides could leach under favourable conditions. In this report a wider
transitional zone was used. The GUS values suggested by Primi et al., (1994) of 1.5 and 3.0

were used to differentiate leachers and non-leachers.
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Table 4: Summary of results from the 2018 pesticides in groundwater survey detailing
112 detections in 68 wells out of a total of 279 wells sampled.

Note that ug/L = mg m= = ppb. DET = desethyl terbuthylazine=terbuthylazine desethyl; DEA =
desethyl atrazine = atrazine-desethyl; and DIA = desisopropyl atrazine = atrazine-desisopropyl;

p,p-DDT = 4,4-DDT.

el Well ID Pesticide Detected Concentration
(# detections / # wells sampled) (ngiL)
Northland Regional Council (2/11) 7244 Hexazinone 0.05
9851 Terbuthylazine 0.041
Auckland Regional Council (4/8) 43915 Bentazone 0.17
Metolachlor 0.025
7419127 Bentazone 0.14
7428031 Bentazone 0.2
7428105 Bentazone 0.08
2,4-DB 0.08
Waikato Regional Council (10/41) 61-54 Dieldrin 0.02
Propazine 0.04
61-93 Metolachlor 0.05
61-113 Metalaxyl 0.06
Propazine 0.03
Terbuthylazine 0.03
61-230 Dieldrin 0.025
62-5 DET 0.05
67-4 Hexazinone 0.11
69-19 Terbuthylazine 0.02
69-97 Terbuthylazine 0.02
69-295 Bromacil 0.88
Endosulfan II 0.061
Terbacil 3.8
70-22 Endosulfan | 0.016
Endosulfan Il 0.033
Endosulfan sulphate 0.068
Terbacil 04
Terbuthylazine 0.09
DET 0.39
Bay of Plenty Regional Council (0/25)
Gisborne District Council (1/5) GPF032 2-Hydroxyatrazine 0.22
Hawkes Bay Regional Council (0/13)
Taranaki Regional Council (1/8) GND2515 Terbuthylazine 0.029
Horizons (2/20) 315027 Bentazone 0.14
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el Well ID Pesticide Detected Concentration

(# detections / # wells sampled) (nglL)
372034 Alachlor 0.59
Metalaxyl 0.024
ﬁ;‘;?ter Wellington Regional Council | g57/1437 Terbuthylazine 0.054
Tasman District Council (8/22) 285 Simazine 0.041
Terbuthylazine 0.011

524 Bentazone 0.36

3115 Terbuthylazine 0.031
4096 Simazine 0.016
Terbuthylazine 0.034
4140 Terbuthylazine 0.038

6601 Simazine 0.02
8036 Hexazinone 0.095
Terbuthylazine 0.014
23604 Terbuthylazine 0.018
Marlborough District Council (2/19) P28w/3069 Terbuthylazine 0.064
P28w/3222 Terbuthylazine 0.016
Environment Canterbury (26/77) J38/0242 Simazine 0.019
Terbuthylazine 0.019
K39/0033 Simazine 0.019

Terbuthylazine 0.17
M35/8567 Terbuthylazine 0.013

BY20/0148 Hexazinone 0.01

CA15/5009 Bromacil 2.0
CA17/0008 DEA 0.015
CA18/0020 Hexazinone 0.018

J37/0012 Bentazone 0.22
J38/0004 DET 0.027

J38/0169 Terbuthylazine 0.04
DET 0.199

Simazine 0.011

DIA 0.02
J39/0135 DET 0.015

Atrazine 0.021
J40/0286 Terbuthylazine 0.037

DET 0.06
Hexazinone 0.013

J40/0333 DEA 0.011
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el Well ID Pesticide Detected Concentration
(# detections / # wells sampled) (nglL)
DET 0.023
J41/0018 Terbuthylazine 0.006
DET 0.011
K36/0033 Terbuthylazine 0.35
DET 0.175
4,4'-DDE 0.0025
4,4'-DDT 0.0018
K37/0147 Terbuthylazine 0.019
DET 0.021
K37/0216 DEA 0.015
K38/0148 Terbuthylazine 0.005
K38/0404 Atrazine 0.011
K38/1017 DET 0.011
K38/2200 Terbuthylazine 0.005
L37/0297 4,4'-DDE 0.0007
L37/0439 DET 0.014
Terbuthylazine 0.022
M35/6295 DET 0.027
Terbuthylazine 0.01
N33/0064 DET 0.03
Terbuthylazine 0.006
N33/0212 DET 0.021
Terbuthylazine 0.01
Otago Regional Council (6/16) F40/0206 Simazine 0.03
G40/0367 Picloram 04
G40/0411 Terbuthylazine 0.022
H43/0132 Picloram 0.91
Terbuthylazine 0.16
144/0821 Hexazinone 0.15
J41/0008 Atrazine 0.032
Total Atr.azine and 033
Metabolites (max)
Diazinon 0.01
Glyphosate 21
4,4-DDT 0.02
Environment Southland (5/6) E44/0036 Terbuthylazine 0.089
E46/0093 Simazine 0.019
Terbuthylazine 0.025
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Council Region - Concentration
(# detections / # wells sampled) Well ID Pesticide Detected (nglL)
F44/0484 Simazine 0.053
Terbuthylazine 0.3
F45/0792 Terbuthylazine 0.021
F46/0239 Hexazinone 0.024
Propazine 0.062
Simazine 0.067
Terbuthylazine 0.15
68 wells 112 detections
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Table 5: Characteristics of detected pesticides.

Field half-lives and Koc values are from the National Pesticide Information Centre database (htip://npic.orst.edu/): selected value with range in

parentheses. GUS classes: L = leacher; N = non-leacher; T = transitional. NA = not available. MAV = maximum acceptable value.

Field half-life

Pesticide FAO Classification (days) Koc (ml g') GUS score | No. of Wells | Range (pg/L) MAV (ug/L)
Herbicides

2,4-DB | Phenoxy hormones 5 440 0.95N 1 0.08 100

2-Hydroxyatrazine Triazine 1 0.22 2
Alachlor Amide 15 170 2087 ] 0.59 20

Atrazine Triazine 60 100 3.56 L 3 0.011-0.032
DEA Triazine t t 3 0.011-0.015
DIA Triazine 1 T 1 0.02
Bentazone Other herbicide 27 (7-98) 35 3.52L 7 0.08 - 0.36

Bromacil Uracil 60 32 444 L 2 0.88-2.0 400
Glyphosate Phosphonyl 47 24,000 -0.64 N 1 21 900
Hexazinone Triazine 90 54 443 L 8 0.01-0.15 400

Metolachlor Amide 90 200 3.32 L 2 0.025-0.05 10
Picloram | Other hormone type 90 16 5.46 L 200

0.4 -0.91

Propazine Triazine 135 154 3.86 L 3 0.03-0.062 70

Simazine Triazine 60 130 3.35L 10 0.011 - 0.067 2

Terbacil Uracil 120 55 470 L 2 04-38 40

Terbuthylazine Triazine 86 (34—193)* 110 (42-575)* 3.79L 36 0.005-0.35 8
DET Triazine # # 15 0.011 0.39
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Field half-life

Pesticide FAO Classification (days) Koc (ml g) GUS score | No. of Wells | Range (ng/L) MAV (ug/L)
Insecticide
4,4-DDE Organochlorine 1000 50,000 -2.10N 2 0.0007 — 0.0025 1
4,4-DDT Organochlorine 2000 2,000,000 -7.60 N 2 0.0018 - 0.02 1
Diazinon Organophosphate 40 1000 1.60T 1 0.01
Dieldrin Organochlorine 1000 12000 -0.24 N 2 0.02 - 0.025 0.04
Endosulfan | Other insecticide 50 12,400 017 N 1 0016
Endosulfan Il Other insecticide I I 2 0.033 - 0.061
Endosulfan sulphate Other insecticide I I 1 0.068
Fungicides
Metalaxyl Other fungicide 70 50 3.33L 2 0.024 - 0.06 100

1 values assumed similar to Atrazine; * values for Terbuthylazine taken from Close et al., (2008); # values assumed similar to Terbuthylazine; § values assumed similar to
Endosulfan |; DET = desethyl terbuthylazine=terbuthylazine desethyl; DEA = desethyl atrazine = atrazine-desethyl; and DIA = desisopropyl atrazine = atrazine-desisopropyl;

p,p’-DDT = 4,4-DDT.
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3.2.2 Emerging Organic Contaminants (EOCs)

There were a total of 227 EOCs detected in the 85 wells (70%) from the 121 wells that were
sampled (Table 6), and all regions that had samples analysed for EOCs had at least three
wells with EOCs present. There were 29 different EOCs in the analytical suite and 25 different
EOCs were detected in at least one well (Table 7). The maximum number of EOCs detected

in a single well was 13.

The EOCs were grouped into six categories that reflected their source and usage (Table 7).
Most EOCs are used extensively by people or are produced by people (eg estrogenic steroid
hormones) and most do not have significant human toxicity when used under normal
conditions, such as use of sun screens or anti-inflammatories such as diclofenac (voltaren).
There are no MAVs for drinking water associated with these EOCs. However, some of these
compounds have shown some endocrine disrupting effects in surface waters (Sellin et al.,
2009; Tremblay et al., 2018) and the main concerns with these EOCs are environmental or
ecological impacts. However, there are no or very few guideline values for EOCs regarding
ecological impacts as the required studies are sparse (Lapworth et al., 2012). Some EOCs,
such as sucralose and caffeine, can act as tracers of the presence of human activities or

wastewater impacts in the groundwater system (Table 7).

The most commonly detected EOC was bisphenol-A (BPA) which was detected in 40 wells,
with the UV filter compounds, OMC and BP3 next most common with 33 and 24 detections,
respectively (Table 7). Sucralose, an artificial sweetener, was next most common with 18

detections. The highest concentration measured was 655 ng/L for sucralose (Table 7).
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Table 6: Summary of results from the 2018 Emerging Organic Contaminants (EOCs) in
groundwater survey detailing 227 detections in 85 wells.

Council Region GCMS
(# detections / # well Well ID EOC Detected Concentration
sampled) (ng L)
Northland Regional Council 1002 Bisphenol-A 31.4
(3/5)
Octinoxate
314
5044 Acetominophen 118
Bisphenol-A 16.7
Carbamazepine
5.49
Diclofenac
12.8
2,4-dihydroxybenzophenone 318
Ibuprofen 566
Naproxen 4.83
8287 Oxybenzone 10.8
Auckland Council (4/8) 43915 Caffeine 45.0
17a-estradiol 0.95
6475015 Bisphenol-A 27.0
Ibuprofen 30.8
6487015 Bisphenol-A 6.73
Estrone 0.57
Sucralose 50.5
7419009 Acetominophen 94.0
Bisphenol-A 3.29
Carbamazepine 59.8
Diclofenac 68
2,4-dihydroxybenzophenone 212
Estrone 1.06
4-hydroxybenzophenone 2.08
Ibuprofen 63.9
Methyl-Triclosan 1.81
Naproxen 57.3
7419126 Acetominophen 13.6
Bisphenol-A 236
Carbamazepine 5.77
Diclofenac 7.84
Ibuprofen 5.33
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Council Region GCMS
(# detections / # well Well ID EOC Detected Concentration
sampled) (ng L)

Mestranol 6.78
Naproxen 399
7419127 Octinoxate 719
7428031 Bisphenol-A 9.92

Octinoxate 74
7428105 Caffeine 9.25
17o-estradiol 5.15

Sucralose 265
Bayggfr:iirllt(}; :F;/Ez}%i)o el 915 Bisphenol-A 5.26
1561 Bisphenol-A 7.95

1670 Bisphenol-A 4.44
Methyl paraben 143

Propyl paraben 05
2822 Bisphenol-A 4.68
3036 Bisphenol-A 579

Caffeine 221

100106 Octinoxate 114
170049 Bisphenol-A 7.59

1001058 Bisphenol-A 423
Octinoxate 505
1001239 2,4-dihydroxybenzophenone 0.65
Oxybenzone 15.6

1001241 Oxybenzone 7.32

1001249 Bisphenol-A 47
Propyl paraben 0.69

1001289 Caffeine 234

Waitapu Caffeine

Spring 1.87

Gisborne I(Déi;;r)ict Council GPB099 Acetominophen 533
Bisphenol-A 56.0

4-methylbenzylidene camphor 40.1

Octinoxate 13.9

Sucralose 202

GPF032 Octinoxate 25

GPG019 Sucralose 203

R SPRING Acetominophen 299
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Council Region GCMS
(# detections / # well Well ID EOC Detected Concentration
sampled) (ng L)

Diclofenac 1097

Octinoxate 211

Oxybenzone 7.65

Taranaki Rg%g‘a' Council | 5NDoO76 Oxybenzone 9.06
2,2',4,4'-tetrahydroxybenzophenone 0.44

GND0809 4-hydroxybenzophenone 2.08

GND0827 Methyl paraben 1.77

GND1718 2,4-dihydroxybenzophenone 0.87

GND2515 Bisphenol-A 5.30

Caffeine 5.74

Carbamazepine 72.6

Diclofenac 98

4-methylbenzylidene camphor 12.3

Octinoxate 9.28

o-phenylphenol 6.12

Oxybenzone 254

Sucralose 655
Horizons (6/8) 338005 2,4-dihydroxybenzophenone 1.77
4-hydroxybenzophenone 2.00

Methyl paraben 292
Propyl paraben 1.26
Sucralose 31.8
2,2'4,4'-tetrahydroxybenzophenone 5.53

342051 Ibuprofen 175

362397 Caffeine 1.81

Octinoxate 6.6
362801 Caffeine 4.25
372034 Bisphenol-A 6.49

Octinoxate 14.4
421001 Caffeine 2.25
2,4-dihydroxybenzophenone 207
Estrone 0.85
Methyl paraben 2792
Methyl-Triclosan 5.07
Octinoxate 15.6
Oxybenzone 11.0
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Council Region GCMS
(# detections / # well Well ID EOC Detected Concentration
sampled) (ng L)
Propyl paraben 213
Sucralose 394
2,2'4,4'-tetrahydroxybenzophenone 1.69
GreatergVeIIin_gton Regional R26/6587 Octinoxate 5 33
ouncil (7/7)
R27/1137 Bisphenol-A 1.28
Sucralose 225
R27/1182 Bisphenol-A 2.51
2,4-dihydroxybenzophenone 0.95
Estriol 1.08
Sucralose 88.8
2,2'4,4'-tetrahydroxybenzophenone 285
S26/0117 Acetominophen 96.8
Bisphenol-A 1.97
Carbamazepine 61.4
Diclofenac 63.7
Ibuprofen 63.8
Naproxen 57.1
Octinoxate 257
Oxybenzone 247
S26/0457 Triclosan 203
S27/0588 Methyl-Triclosan 303
Oxybenzone 14.3
Triclosan 1.94
T26/0259 Acetominophen 13.3
Carbamazepine 5.91
Diclofenac 7.64
Ibuprofen 53
Naproxen 308
Tasman I(:;;/S:g():t Council 524 Oxybenzone 12.3
Sucralose 1.21
4096 4-methylbenzylidene camphor 63.8
Octinoxate 63.8
Oxybenzone 19.7
6342 Bisphenol-A 8.66
Methyl-Triclosan 1.18
Octinoxate 36.2
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Council Region GCMS
(# detections / # well Well ID EOC Detected Concentration
sampled) (ng L)
Oxybenzone 10.7
23604 Bisphenol-A 5.73
Caffeine 5.77
2,4-dihydroxybenzophenone 4.66
17a-estradiol 1.50
17 a-Ethinylestradiol 1.48
Estriol 3.10
Estrone 1.49
Mestranol 1.94
Methyl paraben 5.45
o-phenylphenol 4.08
Propyl paraben 5.95
Sucralose 162
2,2'4,4'-tetrahydroxybenzophenone 8.35
23658 Octinoxate 31.3
23759 2,4-dihydroxybenzophenone 2.76
23806 Estrone 0.85
Methyl-Triclosan 5.07
Sucralose 1.50
Pupu

springs - Octinoxate 41.2

Main spring
Oxybenzone 19.6
Marlborougz?zlfl)izt)rict Council 10542 Bisphenol-A 8.46
Oxybenzone 5.51
028w/0015 Methyl paraben 8.91
Propyl paraben 1.8
P27w/0448 Chloroxylenol 0.50
Propyl paraben 0.77
P28w/0124 Methyl paraben 26.0
Propyl paraben 5.70
P28w/0610 Bisphenol-A 5.05
2,4-dihydroxybenzophenone 0.81
Oxybenzone 10.8
P28w/0647 Octinoxate 11.5
P28w/1634 Bisphenol-A 9.3
P28w/2993 Bisphenol-A 34.3
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Council Region GCMS
(# detections / # well Well ID EOC Detected Concentration
sampled) (ng L)
Oxybenzone 6.81
P28w/3222 Oxybenzone 6.91
P28W/3668 Octinoxate 9.37
P28W/3711 Bisphenol-A 2.78
Octinoxate 5.13
Sucralose 118
P28W/6037 Bisphenol-A 56.8
Environment Canterbury | ;44,0556 Bisphenol-A 5.71
(5/6)
K39/0033 Octinoxate 14.7
Oxybenzone 14.7
Sucralose 51.3
L36/0003 Bisphenol-A 5.49
Octinoxate 14.4
M35/5918 Ibuprofen 7.71
M35/8567 Bisphenol-A 20.1
Octinoxate 17.9
Sucralose 36.4
8?,%%) Regional - Council | £4/0045 Bisphenol-A 48.9
F41/0203 Bisphenol-A 50.0
2,4-dihydroxybenzophenone 1.17
Methyl paraben 1.75
Methyl-Triclosan 0.66
Octinoxate 12.8
Sucralose 7.94
F41/0437 Bisphenol-A 9.84
2,4-dihydroxybenzophenone 0.95
Methyl paraben 2.16
Octinoxate 14.3
Oxybenzone 7.66
G40/0367 Oxybenzone 6.91
G42/0290 Bisphenol-A 34.3
Octinoxate 205
Oxybenzone 6.81
G43/0072 Bisphenol-A 5.05
2,4-dihydroxybenzophenone 0.81
Octinoxate 6.61
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Council Region GCMS
(# detections / # well Well ID EOC Detected Concentration
sampled) (ng L)
Oxybenzone 10.8
G43/0224b Bisphenol-A 8.46
Octinoxate 403
Oxybenzone 551
H43/0132 Methyl paraben 1.49
Octinoxate 35.3
Oxybenzone 104
144/0821 Bisphenol-A 56.8
Octinoxate 799
J41/0008 Bisphenol-A 12.4
Methyl paraben 1.59
J41/0317 Estrone 6.24
Octinoxate 30.8
Environment Southland £46/0093 Octinoxate 134
(3/4)
F44/0484 Sucralose 36.5
F46/0239 Methyl-Triclosan 173
Sucralose 11.0
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Table 7: Summary of EOC detections, method detection limits (MDL), and concentrations (ng/L).

EOC # detects Mean Min Max MDL Detailed type
Anti microbial/Preservative
Chloroxylenol 1 0.5 0.5 0.5 0.05
Methyl paraben 11 5.0 1.43 26 0.05 preservative
Methyl-Triclosan 7 2.7 0.66 5.07 0.05 Triclosan metabolite
o-phenylphenol 2 5.1 4.08 6.12 0.10
Propyl paraben 8 2.4 0.5 5.95 0.05 preservative
Triclosan 2 2.0 1.94 2.03 0.10 Antimicrobial
Estrogenic steroid hormones
17a-estradiol (17aE2) 3 2.5 0.95 5.15 0.05 All but mainly dairy
17B-estradiol (17BE2) 0 0.05 All but mainly human
Estriol (E3) 2 2.1 1.08 3.1 0.05 pregnant women
Estrone (E1) 6 1.8 0.57 6.24 0.05 dairy and swine effluent
17a-Ethinylestradiol (EE2) 1 1.5 1.48 1.48 0.05 contraceptive pill
Mestranol (17a-Ethinylestradiol 3-methyl 0.05
ether) 2 4.4 1.94 6.78 contraceptive pill
Human Wastewater tracer
Caffeine 10 8.1 1.81 45 5.0 stimulant
Cotinene 5.0 Stimulant — nicotine metabolite
1,7-dimethylxanthine 5.0 stimulant -caffeine metabolite
Nicotine 5.0 stimulant
Sucralose 18 100.1 1.21 655 1.0 Artificial sweetener
Industrial
Bisphenol-A (BPA) 40 26.1 1.28 423 0.62 Plasticiser
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EOC # detects Mean Min Max MDL Detailed type
Pharmaceuticals
Acetominophen 7 32.5 1.18 96.8 0.10 NSAID
Carbamazepine 6 35.12 5.49 72.6 0.10 Epilepsy & mental health treatment
Diclofenac 7 371 1.97 98 0.10 NSAID
Ibuprofen 8 44.7 5.3 175 0.10 NSAID
Naproxen 5 25.4 3.98 57.3 0.10 NSAID -Aleve, Naprosyn
UV filter/stabiliser
2,4-dihydroxybenzophenone (BP1) 13 1.78 0.65 4.66 0.10
4-hydroxybenzophenone 3 2.1 2 2.08 0.10
4-methylbenzylidene camphor (4-MBC) 3 38.7 12.3 63.8 0.10
Octinoxate (OMC) 33 19.0 5.13 63.8 2.15
Oxybenzone (BP3) 24 10.8 2.47 25.4 1.21
2,2',4,4'-tetrahydroxybenzophenone (BP2) 5 3.8 0.44 8.35 0.10
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4. DISCUSSION

41 PESTICIDES

There were three pesticide detections exceeding 1 ug/L with none of the sampled wells
exceeding the MAV for drinking water. The highest detection as a percentage of the MAV was
dieldrin which was detected at a concentration of 0.025 ug/L which was 62.5% of the MAV of
0.04 ug/L (Ministry of Health 2018). The next highest detections relative to the MAV were for
total atrazine and metabolites at 16.5% of the MAV, hydroxyatrazine (another atrazine
metabolite) at 11% of MAV assuming the same MAV as for atrazine, then terbacil at 9.5% of
the MAV (Table 6). The remainder of pesticide detections were less than 5% of the MAV with
the median of the pesticide detections being below 0.5% of the MAV. These results indicate
that there should be little significant health risk based on the pesticides analysed from drinking

the groundwater sampled from the wells included in this survey.

Dieldrin has been detected occasionally in previous surveys at concentrations above the MAV
(Close & Humphries 2016; Close & Skinner 2012). Dieldrin was widely used in New Zealand
primarily for the government-required control of ectoparasities on sheep in the 1960’s. Most
livestock farms in New Zealand would probably have had a sheep or cattle dip site. Even
though dieldrin has not been used for this purpose since the mid 1960’s, its long persistence
means that it can be detected in the soil where the dip site wastewater was disposed of and
occasionally in the underlying groundwater. Hadfield & Smith (1999) carried out an
investigation into dieldrin in groundwater in the Waikato region. Their results indicated that
dieldrin contamination in soils near sheep dip sites could be widespread and that
concentrations in shallow groundwater (about 5 m below ground level) could increase in
certain conditions, even though usage had ceased 30-40 years previously. The low MAV for
dieldrin (0.04 ng/L) means that even low concentrations in groundwater can easily exceed the

MAV for drinking water.

Terbuthylazine was the most commonly detected pesticide, being found in 36 wells (16%) at
levels ranging from 0.005 — 0.35 pg/L (Table 6), with the next most common pesticide being
desethyl terbuthylazine (a metabolite of terbuthylazine) with 15 detections. Simazine was

detected in 10 wells.
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Herbicides were the most frequently detected pesticide group with seven insecticides and only
one fungicide detected in the sampled wells. There were 80 out of the total of 112 detections
(71%) of triazine herbicides. The high detection rate for herbicides is consistent with estimates
that herbicides comprise at least 60% of the total amount of pesticides sold in New Zealand
annually (Manktelow et al., 2005). The high frequency of triazine detections is consistent with

previous surveys of pesticides in groundwater (Table 8).

Of the 25 pesticides detected that had data available for soil half-life and Koc, GUS values
indicated that 13 were leachers, 2 were transitional, and 6 were non-leachers (Table 5). Most
of the detections were for pesticides classed as leachers (Table 5). One of the non-leacher
pesticides was the glyphosate detection that was probably the results of poor well-head
protection and ingress of contamination directly from the surface into the well, as discussed
above. DDT and DDE are non-leacher pesticides that are extremely persistent and were
detected in samples from Waikato and Canterbury by Hill laboratories using lower detection
limits. Two other non-leacher pesticides were dieldrin, which was widely used and very
persistent as discussed above, and endosulfan. Endosulfan is an organochlorine but not
nearly as persistent as dieldrin (Table 5). It was used in New Zealand from the 1960s onwards
to control insects in crops such as potatoes, citrus and berry fruit crops, and on turf for
earthworm control. Its use had been declining from the mid-1990s to mid 2000s and it was de-
registered by ERMA in December 2008. The mix of leaching properties indicates that normal
leaching processes are mostly responsible for the presence of the detected pesticides in the
groundwater but other pathways, such as spills, ingress from the surface via poor well-head
protection or preferential flow, may also occur. Leaching of extremely persistent pesticides,
such as DDT and its metabolites and dieldrin, can also occur over long time periods to shallow

groundwater.

The significant decrease in detection limits for many pesticides for groundwater surveys
undertaken since 1998, compared to the two earlier surveys in 1990 and 1994, needs to be
considered before assessing temporal trends. If the detection limits for the 1990 and 1994
surveys were applied to the 2018 survey then there would only be a total of 21 wells (8%) with
detectable pesticides instead of 68 wells (Table 8). Table 8 shows that there has been a similar
level of pesticides detected over the past 4 surveys using the more sensitive detection limits.
In 1998 35% of wells had pesticides detected but from 2002 to 2018 the percentage of wells
with detectable pesticides varied from 17 to 24%. If the earlier less sensitive detection limits

were applied then the percentage of wells with detectable pesticides has varied from 7 to 14%
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over the eight surveys from 1990 to 2018. In all surveys there have been a very small number
of wells (between 2 and 4) where pesticides have been detected at concentrations greater
than 1 pg/L. There has been a maximum of one pesticide detected at a concentration greater
than the MAYV in five out of the eight surveys, with the other three surveys having no pesticides
detected at a concentration greater than the MAV (Table 8). As these surveys have been
focused on shallow unconfined groundwater systems, which are most at risk of pesticide
contamination, this indicates that most groundwater in New Zealand should be considered

safe to drink with respect to pesticides.

4.2 GLYPHOSATE

Reviews of the mobility and likely leaching of glyphosate to groundwater have been carried
out (Vereecken 2005; Borggaard & Gimsing 2008) and indicate that under normal conditions
leaching of glyphosate through the soil to groundwater should be very limited due to strong
sorption to soil and relatively fast degradation (Borggaard & Gimsing 2008). There is the
possibility that transport processes with high recharge (intense rainfall or heavy irrigation)
combined with structured soils containing macropores or cracks may bypass much of the soll
profile and enable even strongly sorbing pesticides to leach into groundwater (Vereecken
2005).

There has been little monitoring of glyphosate and its metabolites (principally AMPA) in
groundwater until the last 5 years. Battaglin et al., (2014) developed an extremely sensitive
method for the measurement of glyphosate and AMPA (DL = 0.02 ug/L) and analysed 1171
groundwater samples as well as a further 2500 samples from surface waters, drains and
rainfall. They found extensive contamination of surface waters by glyphosate (30 — 70% of
samples) and 5.8% of groundwater samples having detectable glyphosate. The median and
maximum concentrations of glyphosate found in groundwater were < 0.02 and 2.03 ug/L,
respectively. AMPA was found in 14.3% of groundwater samples with median and maximum

concentrations of < 0.02 and 4.88 pg/L, respectively.

In New Zealand John Hadfield collected samples from 40 wells in the Waikato region that were
selected as having higher potential for pesticide contamination and had the samples analysed
for glyphosate and AMPA by AsureQuality (Hadfield, 2017). The detection limit was 1 pg/L
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which was the same as for this study. He found one detection of AMPA at a concentration of
1.9 ng/L. The landowners indicated that a herbicide, and most likely roundup, had been used

on the property in the months before sampling took place.

The investigations on the well in this study where glyphosate was detected indicated that this
detection was likely caused by poor well head protection and contamination from the
containers and activities occurring around the well. The detection of other pesticides such as
DDT, diazinon and atrazine, which have very different leaching characteristics (Table 6)
support contamination of the well from surface sources rather than widespread groundwater
contamination. The very low frequency of glyphosate and AMPA detections in both the
national and Waikato surveys imply that there is little risk of glyphosate reaching groundwaters
in New Zealand. The detected levels of 2.1 ug/L for glyphosate in this survey (probably from
surface contamination) and 1.9 ug/L for AMPA found in the Waikato survey, are far below the
WHO Health Based Value for glyphosate of 900 ug/L (WHO 2017) indicating a very low risk

from glyphosate for drinking water purposes in New Zealand.

4.3 EMERGING ORGANIC CONTAMINANTS

EOCs can arise from sewage treatment plants, industrial effluents, leaking sewage networks,
runoff from agricultural, storm-water and urban sources, application of effluents to land and
septic tanks. Many of these sources are associated with urban environments. In New Zealand,
where most of the large cities are located on the coast, there should be limited opportunity for
these municipal discharges to impact groundwater. Some compounds can arise from farming
activities such as dairy shed effluent and animal manures (estrogens associated with dairy
cows: E1, 17a-E2 — Table 7). Many EOC detections are likely to be associated with the
widespread use of septic tank systems in the rural environment from which the majority of the
groundwater samples in this study originated. The high rate of EOC detections, albeit at low
concentrations, indicates that effluents from small towns, septic tank systems and farming

activities are probably the sources for the detections of EOCs in groundwater in this study.

Schaider et al., (2016) evaluated whether septic tanks are a likely source of EOCs in
groundwater. They tested 20 domestic drinking water wells in a sand and gravel aquifer on
Cape Cod, Massachusetts, USA, for 117 EOCs and detected 27 compounds, including 12
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pharmaceuticals, four organophosphate flame retardants, and an artificial sweetener
(acesulfame). These wells were all located in areas served exclusively by onsite wastewater
treatment systems, which are likely the main source of the EOCs in these wells, although
landfill leachate may also be a source. Their results suggest that current regulations to protect
domestic wells from pathogens in septic system discharges do not prevent EOCs from

reaching domestic wells.

Overall detection frequencies are often difficult to compare between studies as different
combinations of EOCs are measured, sometimes with differing detection limits. Nevertheless,
the detection frequencies and levels of EOCs found in this national survey are broadly similar
to studies in other countries. Focazio et al., (2008) carried out a national study in the USA in
untreated drinking water sources, which included 25 groundwater wells and analysed the
samples for 100 EOCs. The most commonly detected compounds in their study were
tetrachloroethylene (24%, solvent), carbamazepine (20%, pharmaceutical), bisphenol-A
(20%, plasticizer), and 1,7-dimethylxanthine (16%, caffeine metabolite). Of these compounds
we didn’t analyse for tetrachloroethylene but detected carbamazepine and bisphenol-A in 5%
and 33% of samples, respectively. Loos et al., (2010) carried out a study of EOCs in European
groundwater and analysed 164 samples from 23 countries for 59 selected EOCs. The non-
pesticide compounds that were common to the New Zealand national survey, in terms of
frequency of detection and maximum concentrations detected, were caffeine (83%; 189 ng/L),
carbamazepine (42%; 390 ng/L), and bisphenol A (40%; 2.3 mg/L). Jurado et al., (2012)
reviewed the detection of EOCs in groundwater in Spain and found a wide range of
compounds had been detected with maximum concentrations generally above the levels in
the rest of Europe found by Loos et al., (2010). They noted that none of the studied estrogens
have been found in Spanish aquifers but some of them have been detected in groundwater
from the rest of Europe at low concentrations (up to 10 ng/L). They concluded that most EOCs
are usually detected at low ng/L concentrations or not detected at all in groundwater
throughout Europe. Lapworth et al., (2012) has carried out a comprehensive review of the
sources and occurrence of EOCs in groundwater and noted the occurrence and detected
concentrations for 10 of the 29 EOCs analysed for in the New Zealand survey, namely
carbamazepine, ibuprofen, diclofenac, paracetamol, triclosan, caffeine, cotinine, bisphenol A,

estrone, and 17f3-estradiol.

The regional study of EOCs in Waikato groundwater detected EOCs in 91% of the sites

(Moreau et al., 2019) although this included a large number of pesticides that were the most
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frequently detected category of EOC in that study. Of the non-pesticide EOCs, they detected
BPA, triclosan, diclofenac, and sucralose in common with this national survey. The Canterbury
groundwater study detected BPA, various paraben compounds (preservatives), Estriol (E3),
and 4 UV filter compounds — BP1, BP2, BP3 and OMC in common with this national study
(van der Krogt et al., 2018).

Most of the EOCs detected in this study originate through human body metabolisms such as
caffeine, sucralose, ibuprofen, or steroidal hormones, or are applied to our skin to protect us
from the UV from the sun. Other EOCs such as BPA are used widely in packaging and plastic
products or in the case of parabens, as food preservatives. The compounds tend to be used
in milligram and gram quantities in such applications and most compounds are likely to exhibit
low toxicity to humans. There are no MAVs for drinking water for these non-pesticide EOCs in
New Zealand. However, the environmental or ecological impacts of most EOCs are largely
unknown or the concentration at which effects begin to exhibit are unknown (Tremblay et al.,
2018). Some compounds such as BPA are known to have endocrine disrupting properties
(Rochester 2013).

These results indicate that EOCs, sourced from either animal or human effluents or activities,
are making their way into shallow groundwater systems and can be detected at low
concentrations in groundwater. Currently there is a lack of knowledge of the fate and effects
of many EOCs and whether the concentrations measured in this study are likely to have
impacts for ecological systems. We recommend that monitoring of EOCs in groundwater
resources is extended and that research is carried out to quantify the potential risks to

ecosystems for the EOCs most frequently detected in this study.
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Table 8: Summary statistics for the eight national surveys of pesticides in groundwater in New Zealand.

Year of survey

1990 1994 1998 2002 2006 2010 2014 2018
Close 1993 Close 1996 Close & Close & Gaw et al. Close & Close & This study
Rosen 2001 | Flintoft, 2004 2008 Skinner 2012 Humphries
2015

No. of wells in survey 82 118 95 133 163 162 165 279
No. of regions 13 15 15 14 14 13 14
No. of regions with 4 8 11 9 11 9 6 12
pesticides detected
No. of pesticides detected 7 10 22 21 19 22 21 28
% of wells with pesticides 7% 14% 1% 9% 8% 7% 10% 8%
detected > DL = 0.1 pg/L
% of wells with pesticides - - 35% 21% 19% 24% 17% 24%
detected > DL = 0.01 pg/L
No. of wells with 2 3 3 3 2 3 4 3
pesticides >1 ug/L
No of pesticides detected 1 0 1 0 1 1 1 0
> MAV
% of detections that were 50% 95% 92% 92% 74% 91% 86% 88%
herbicides
% of detections that were 13% 65% 76% 67% 50% 61% 61% 71%
triazines
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APPENDIX A: ESR 2018 PROCEDURES FOR
SAMPLING PESTICIDES AND EOCS

=/S/R

Science for Communities

National Survey of Pesticides in Groundwater 2018 - Sampling Procedures

To: The Regional or Unitary Authority

Thank you for participating in the National Survey of Pesticides in Groundwater 2018. The survey has
occurred every four years since 1990 with this year being the 8% survey.

This document contains details of the required sampling procedures for this year’s survey. Three
organisations are involved in the survey, ESR, AsureQuality and Northcott Research Consultants Ltd,
with details of their role and what support and services you will receive from them below:

ESR:

- Management of the nationwide survey and full technical support
- Field sampling form
- Analysis of the results and a final report

AsureQuality (Pesticide and Glyphosate analysis laboratory)

- x1 1L amber glass bottle which has been preserved with sodium thiosulphate

- x1500ml amber glass sample bottle which has been preserved with sodium thiosulphate

- x1250mL amber glass bottle (no preservative)

- x1250ml plastic (HDPE, no preservative) sample bottle for Glyphosate analysis if chosen.

- NOTE: For all Assure Quality (AQ) samples, there are holding time requirements that must
be met. Samples must be refrigerated after collection and received at AQ-Wellington
within 3 calendar days of collection. Samples should not arrive at the laboratory on a
Friday due to sample extraction requirements.

- Sample submission form

- Polystyrene boxes, ice packs and packing material for the return trip (i.e. bubble wrap)

Northcott Research Consultants (Emerging Organic Contaminants (EOCs) analysis laboratory)

- x14L amber glass sample bottle
- Sample submission form
- Polystyrene boxes, ice packs and packing material for the return trip (i.e. bubble wrap)
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GEAR LIST

- Council Health and Safety Form, first aid kit and cell phone

- Personal Protection Equipment (PPE)

- Sampling gloves (nitrile)

- Sample bottles (x5 bottles for each well)

- Chilly bins, ice packs and packing material (i.e. bubble wrap)

- Portable pump (i.e. Grundfos MP1 or SuperTwister) and power source

- Courier tickets and address information for AsureQuality and Northcott Research
Consultants Ltd.

SOME IMPORTANT THINGS TO REMEMBER WHEN SAMPLING

1. Please do not sample on a Thursday or Friday. If it is unavoidable then please send samples
with a weekend delivery ticket or refrigerate until Monday. If at all possible, please sample
on Monday to Wednesday and then send the samples back to AsureQuality and Northcott
Research Consultants immediately via courier.

2. NOTE: For all AQ samples, there are holding time requirements that must be met.
Samples must be refrigerated after collection and received at AQ-Wellington within 3
calendar days of collection.

3. Field staff please strictly avoid the following on the day of sampling if sampling for EOCs :

- Spray deodorants

- Perfume

- Insect repellent

- Smoking

- Coffee and other caffeine containing drinks such as tea, V, coke, pepsi, etc. (no drinking of
these caffeine containing drinks on the day of sampling as caffeine is exuded in breath and
will influence the results for nicotine and cotinine)

- Sunscreen

- Makeup/cosmetics (these products contain UV filters that are being analysed and will affect
the results)

4. Please try to avoid sampling in the pouring rain so that the risk of contamination is
minimised.

WELL SAMPLING PROCEDURE

1) Collect the static water level within the well, this information can be very important during the
process of interpreting the results. The static water level is to be taken from a known or historical
council recorded measuring point (i.e. typically the top of the well casing).

2) Make sure that x3 times the casing volume of water has been purged from the well before a
sample is taken. This is to ensure that a representative sample is taken from the surrounding aquifer
and not from the stagnant water within the well casing.

3) If the well is a domestic/agricultural water supply fitted with a submersible pump, make sure the
pump is running and allow it to run so that x3 well volumes are removed from the well. Take your
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sample as close to the well head as possible before it enters into a pressure tank or storage tank
(NEVER sample down gradient of a pressure tank or storage tank).

4) If you are using your own pump for sampling (i.e. Grundfos MP1 or SuperTwister pump) while you
are purging the well (x3 well volumes) ensure that any water within the entire length of the hosing is
purged between wells. This will also ensure that the pump itself is adequately rinsed between wells.

5) If you have a multi-parameter water meter (i.e. pH, temperature, conductivity, dissolved oxygen
etc) make sure that these readings have stabilised before taking the sample.

6) Clearly label the bottles before you get your hands or the bottles wet with the date, time and well
ID number.

7) Make sure your hands are clean and once the lid is off do not touch the top of the sample bottle
or the inside of the lid.

8) AsureQuality bottles: The glass sample bottles have been washed and rinsed according to a strict
protocol. It is important that the samples are collected directly into the bottles and not into a bucket
or other container before filling the sample bottles. DO NOT RINSE THE BOTTLES AS THERE ARE
PRESERVATIVES INSIDE EACH BOTTLE.

a) Fill the bottles to just below the cap thread as each bottle contains a preservative, Sodium
Thiosulphate and there may be some expansion on warming.

9) Northcott Research Consultants bottles: The glass 4L bottles need to be pre-rinsed twice with
approximately 0.5 L of sample before filling with the collected sample. It is important that the
samples are collected directly into the bottles and not into a bucket or other container before filling
the sample bottles.

10) Make sure that you fill the correct number of bottles for each well that is sampled. If your
council has opted to sample everything (i.e. Pesticides, Glyphosate and Emerging Organic
Contaminants) there will be a total of x5 bottles to fill

11) Once your samples have been collected immediately store them in a chilly bin with ice packs
(keep them stored at approx. 4°C) in preparation for transportation to the labs. DO NOT FREEZE THE
BOTTLES, OTHERWISE THEY WILL BREAK.

BLIND DUPLICATES

For councils that are sampling more than 7 wells, there is an additional set of sample bottles. This is
for the collection of blind duplicate samples, which is a quality control measure for the laboratory
analysis. There is no additional cost for the collection of the blind duplicate sample. Please collect
the blind duplicate samples as an extra sample from one of the wells at the same time as collecting
the normal sample. Instructions are below:

- Pick at random which well will be chosen to provide the blind duplicate sample.

- The blind duplicate sample should be labelled the same as the well sample but the well ID
number on the bottle should be fictitious and the time should be omitted. On the ESR
sampling sheet identify the well ID number that is associated with the fictitious blind
duplicate well number. On the AsureQuality chain of custody form do not indicate which
sample is the blind duplicate sample.
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- For example, if you are sampling 8 wells then only 1 blind duplicate sample is required. If
you are sampling 15 wells then 2 blind duplicate samples are required. If you are sampling
22 wells then 3 blind duplicate samples are required and so on.

- When you are sampling the well collect the water for the sample and the blind duplicate as
outlined below. This will ensure that the sample and the blind duplicate are representative
of the whole sampling period when both samples are being taken.

e 1%t1L glass bottle for the well sample

e 1%t 1L glass bottle for the Blind Duplicate

e 2" 500mL glass bottle for the well sample

e 2"500 mL glass bottle for the Blind Duplicate
e 3250ml glass bottle for the well sample

e 3™ 250ml glass bottle for the Blind Duplicate
e 4™ 250ml plastic for the well sample

e 4™ 250ml plastic for the Blind Duplicate

e 5™ 4L bottle for the well sample

e 5™ 4| bottle for the Blind Duplicate

FORMS

Please fill in the forms for each well sampled:

- ESR Field Sampling form (i.e. the well details and parameters). Record if there has been a blind
duplicate sample taken and record the fictitious well ID number along with what well the blind
duplicate belongs to.

- AsureQuality Environmental sample submission form (please place the form in a waterproof
plastic bag inside the chilly bin)

- Northcott Research Consultants Ltd sample submission form (please place the form in a
waterproof plastic bag inside the chilly bin)

Scan and email copies of the ESR Field Sampling forms to Bronwyn Humphries:
bronwyn.humphries@esr.cri.nz, copy to Murray Close, murray.close@esr.cri.nz

COURIERING SAMPLES

The glass bottles should be packed in the chilly bins and packaging received in, and couriered to
AsureQuality and Northcott Research Consultants Ltd (addresses are provided at the end of this
document).

Please advise AsureQuality of any breakages at GracefieldSR@asurequality.com and
Environmental.wgtn@asurequality.com so that replacement bottles can be sent.

Please advise Northcott Research Consultants Ltd of any breakages nrcltd@hotmail.co.nz or 021
2268474 so that replacement bottles can be sent.
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If you have any questions about sampling or if the procedures conflict with your current sampling
protocols, please do not hesitate to contact us and we can try to resolve the issues as quickly as
possible.

Thanks for participating in the programme; it could not exist without your support. Any questions or
comments are welcome.
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APPENDIX B: ESR PESTICIDE SAMPLING FIELD
SHEET

Field Sampling Form: 2018 National Survey of Pesticides

— in Groundwater
= / s / R (please use one form per well)

Science for Communities

Regional/District Council:
Person collecting sample:
Grid reference (NZTM):

Council well number/ID:

Well owners name:

Address:

Weather:
Surrounding land use:

Well use:

Well diameter (mm):

Well depth (m):

Screened interval (m):

Pumped (circle one): YES / NO

Sampling point description:

Water level (m):

Date and time of sampling: Date: Time:

Time of pumping before sampling:

Well volume removed:

Field measurements: DO (mg/L)
Conductivity
Temperature
pH

Type of aquifer:
Name of aquifer (if any):
Comments:
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APPENDIX C: LIST OF PESTICIDES AND LIMITS OF
DETECTION

Units are pg/L (ppb).

(1) Pesticide Screen
() Organochlorine pesticides:

aldrin 0.01 isoproturon 0.04
o~chlordane 0.01 linuron 0.1
y-chlordane 0.01 metalaxyl 0.02
p,p-DDE (also o, p) 0.01 metqlachlor 0.02
p,p-DDD (also o, p) 0.01 met_rlbuzm 0.02
p,p-DDT (also o, p) 0.01 molinate 0.01
dieldrin 0.01 norflurazon 0.1
endosulfan | 0.02 oryzalin 2.0
endosulfan I 0.04 oxadiazon 0.01
endosulfan sulphate 0.02 pendimethalin 0.02
endrin 0.02 primisulfuron-methyl 0.1
endrin aldehyde 0.04 propanil 0.06
endrin ketone 0.04 propazine 0.01
a-HCH 0.01 pyriproxyfen 0.5
i i 0.01
B'HCH 0.01 SImaZIhe
4-HCH (Lindane) 0.01 terbacil 0.02
heptachlor 0.01 te_rbuthylazme 0.01
heptachlor epoxide 0.03 :h%?a:?gazole 8(1)2
hexachlorobenzene 0.1 ruraiin . '
methoxychlor 0.02 total atrazine & metabolites 0.32
cis permethrin 0.01
gf'o”;”ﬁ’ﬁg?f;h”” 8'8; (iv)  Acid herbicides
; : ’ 2,4-D 0.1
vinclozin 0.02 2.4-DB 01
i e 2,4.5-T 0.1
W gzﬁ%i’:moogh;séﬁmms pesttcsdgsl 2,4 ,6-trichlorophenol 0.12
chlorpyrifos y 0'02 3,5-dichlorobenzoic acid 0.1
dimethoate 04 E?c?rfozfyneil 8 ]
pirimiphos methyl 0.02 dicamba 01
(i) Organonitrogen herbicides: g!chlorgrop 8]
acetochlor 0.02 f Inose 0'1
alachlor 0.02 I\‘Zg‘g’;\Op 01
aldicarb 0.1 MGOPB 0'1
atrazine 0.02 O- 1
bromacil 0.03 mecoprop :
carbofuran 0.9 pgntachlorophenol 0.1
chlorotoluron 0.04 E)l_clloram 81
cyanazine 0.02 riclopyr :
desethyl atrazine 0.01 .
desethyl terbuthylazine 0.01 2/ GlypAf':/tl);:\te suite 1
desisopropyl atrazine 0.1
diuron 0.04 glyphosate 1
hexazinone 0.01 E/Iltéfgzlnate g
2-hydroxyatrazine 0.1
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&2\ AGENDA

a2t Policy & Planning

Date 4 February 2020
Subject: Pesticides in Surface Water Survey
Approved by: G K Bedford, Director - Environment Quality

B G Chamberlain, Chief Executive

Document: 2409096

Purpose

1. The purpose of this memorandum is to present the results, together with a discussion of
their significance, of a survey undertaken by Council officers in order to determine
whether there is any consequent environmental or human health issue due to pesticides
in surface waters in Taranaki.

Executive summary

2. The Council’s Regional Freshwater Plan for Taranaki identifies the use of pesticides as an
activity that needs to be appropriately managed in order to safeguard the ecological
health of the region’s waterways and the health of those who rely on them, including
through municipal water supplies. Also, the National Environmental Standard for Sources
of Human Drinking Water requires regional councils to take steps to ensure catchments
used for municipal water supply do not become contaminated beyond the capability of
treatment plants to provide safe water supplies. The Council’s ongoing programme for
monitoring for the presence of pesticides in groundwater, together with the
responsibilities of the Ministry of Health and water supply authorities to ensure the
wholesome quality of community water for human consumption, already provides some
degree of assurance in this regard, but Council officers deemed it worthwhile to
undertake a survey of surface waters around the region to ascertain whether pesticide
residues were present and if so, whether concentrations might be significant from an
environmental or human health perspective.

3. The findings of the survey are reported within this memorandum. Samples were
collected from lower river reaches in catchments considered to have a relatively higher
usage of pesticides due to land uses. Each sample was tested for around 200 different
pesticide compounds, generating a total of around 1,800 analytical results. Analytical
methods had limits to detectability far below criteria for ecological or consumptive
protection. From 1,800 results, there were only two detections, at concentrations barely
above the laboratory detection limit. These were for two organochlorine compounds,
which are highly persistent and widely distributed in the environment. They were
detected in a catchment where market gardening and plant nurseries have been long-
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established activities. Given the very low concentrations and the fact that the
compounds in question were banned from sale and withdrawn from use three decades
ago, no follow-up action is practical or beneficial.

The survey included analyses for glyphosate (trade name Roundup), a very widely used
and long-established herbicide that has more recently become controversial because of
alleged and disputed adverse effects upon human and/or environmental health.
Glyphosate is considered more likely to be transported via surface water rather than
ground water. No glyphosate was detected in any survey sample, despite the extremely
low limits of detection used in analysis.

This survey and its results provide some reassurance to the Council and the regional
community that the provisions of the RFIWP and the implementation of good practices
around the usage of pesticides are proving effective for the protection of the region’s
waterways and their associated values and uses.

Recommendations

That the Taranaki Regional Council:

a)
b)

receives the memorandum Pesticides in surface water in Taranaki

notes the results of the survey, that pesticides are virtually undetectable in the surface
waters of Taranaki, or when present, are far below levels of concern for either
environmental or human health

notes that these findings will inform the provisions of the next Regional Land and Water
Plan for Taranaki

Background

6.

Pesticides, which include insecticides, fungicides, herbicides and plant growth
regulators, are commonly used in New Zealand to control insects, diseases and weeds in
primary industries such as horticulture, agricultural farming, and forestry. The
horticultural sector is the most intensive user of pesticides on a land area basis, followed
by arable, forestry and pastoral sectors. They are also used in urban areas e.g. domestic
vegetable gardens and lawns, and roadside and recreational reserve spraying for weed
control.

Pesticide contamination of water is a subject potentially of national importance because
of the need to safeguard catchments used for municipal water supply (whether
groundwater or surface water), to provide for safe recreational contact uses of water
bodies, and more generally to recognise and mitigate against potential adverse effects of
pesticides on aquatic ecosystems and their component communities.

Under the Resource Management Act (1991), regional councils have the responsibility to
maintain and enhance the quality of regional water resources. The Council recognises
that pesticide application to land is a potential point and diffuse source contaminant of
freshwater. The Regional Fresh Water Plan for Taranaki (RFWP) identified as an issue for
the region, adverse effects upon surface and ground water from the discharge of
contaminants to land and water, if these discharges are not managed properly and with
consideration of receiving water quality requirements. Objective 6.2.1 of the RFWP is ‘to
maintain and enhance the quality of the surface water resources of Taranaki by avoiding,
remedying or mitigating adverse effects of contaminants discharged to land and water from point
sources’, while Objective 6.3.1 applies in similar vein to diffuse discharges. Policies 6.2.1-
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6.2.4,6.2.7, and 6.3.1 provide a suite of considerations that the Council applies when
assessing discharges to land or water, including the values of the water body and the
extent to which these might be impacted. Policy 6.3.1 states explicitly that ‘Land use
practices which avoid, remedy or mitigate adverse effects on water quality will be encouraged and
promoted including...the careful use of agrichemicals’.

Groundwater is likewise addressed. Objective 6.5.2 is ‘to promote the sustainable
management of groundwater while avoiding, remedying or mitigating adverse effects on
groundwater quality from the discharge of contaminants’. Policy 6.5.3 is that “The Taranaki
Regional Council will manage the discharge of contaminants to land and water such that any
actual or potential adverse effects on groundwater quality are avoided, remedied or mitigated’.

The application of agrichemicals in Taranaki is controlled in the current RFWP (eg Rules
32, 33, 34, 43) and Regional Air Quality Plan (Rules 56-58 and Appendices VI and VII). The
Council promotes the careful use of such chemicals in accordance with these rules and
the manufacturers' instructions, thus safeguarding off-target or secondary receiving
environments.

Section 10.3 of the RFWP sets out the Council’s commitment to undertake relevant
monitoring, either on its own account or by participation in monitoring and research
programmes conducted by other agencies. To ascertain the effectiveness of the controls
discussed above, and to confirm the ongoing state of the environment of Taranaki, the
Taranaki Regional Council routinely monitors the attaining of these objectives through
its State of the Environment surface and groundwater monitoring programmes, which
include sampling groundwater for pesticides in a collaborative nationwide programme
administered by the Institute of Environmental and Scientific Research Ltd (ESR). This
programme is undertaken on a cycle of about 4 years. Surveys have been undertaken in
1990, 1994, 1995 (Taranaki-specific), 1998, 2002, 2006, 2010, 2014 and 2018. Traces of
pesticides have been occasionally found in a few individual monitoring wells in
Taranaki during the earlier surveys. In the latest survey, a trace of one pesticide, at levels
non-significant for human health, was found in one well in Taranaki; otherwise, the last
detection of pesticides in groundwater in Taranaki was in 1998. The results of the latest
ESR groundwater survey are reported more fully elsewhere in today’s agenda.

There is no equivalent national programme surveying pesticides in surface water.
Through New Zealand’s Drinking Water Standards (2000), the Ministry for Health and
municipal water supply authorities (usually district councils) are together responsible
for ensuring that municipal water supplies are routinely analysed for pesticides,
amongst a range of other potential contaminants that may affect public health or the
aesthetic quality of water supplies.

The National Environmental Standard for Sources of Human Drinking Water (2008; currently
under review) is a regulation made under the Resource Management Act. It imposes
requirements for protecting sources of human drinking water from becoming
contaminated. It does not apply to catchments not used for municipal supply, nor to
waters used to supply other consumptive purposes (eg stock drinking supply), nor to
ecological considerations. Specifically, it requires regional councils to be satisfied that
activities permitted in regional plans will not pose unacceptable risks to the quality of
community-scale drinking water supplies. The Government has noted that changes to
the intensity or composition of land-use activities in a catchment can introduce new
contaminants or increase the concentration of existing contaminants in the source
waters. A review of regional council performance in implementing the NES undertaken
by MSE last year found that this Council was one of 7, out of 16, that had a “high’ level of
implementation of the drinking water NES when considering resource consent
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applications, and as with almost all regional councils this Council had a “‘medium’ level
of implementation of the NES provisions within its regional freshwater plan. MfE’s
ratings for implementation of the NES within regional plans focused on the extent to
which plans had specific provisions applying to drinking water supply catchments. It
should be noted that the shaping and publication of the Council’'s REWP pre-dates the
NES; the NES does not require councils to retrospectively amend existing plans; and in
any case the Council is currently reviewing its plan and will incorporate the
requirements of the NES as the latter stand at the time (given that the NES is now under
review with a view to amendment).

Discussion
Programme design

14.

15.

16.

17.

There are 16 surface water catchments in Taranaki used for municipal or community
water supply. Notwithstanding that MoH monitoring of water supply quality might
therefore be considered to already offer a fair coverage of representative pesticide
concentrations in surface water catchments in the region, and that the Council’s
participation in the ongoing national groundwater survey is a monitoring programme
that offers by implication significant information on the (absence of any) presence and
effects of pesticide usage, this Council deemed it worthwhile to undertake its own
survey of agrichemical concentrations in surface waters by targeting sites in rivers that
were likely to be the most impacted by pesticide usage, at a time of year when
agrichemical usage (whether herbicide or pesticide) was relatively high.

It is noted that while it is expected there would be overall similar patterns in pesticides
in groundwater and surface water respectively, there would also be differences- the
different routes of transportation (horizontal overland flow vs infiltration) would mean
different attenuation and degradation pathways due to the varying exposures to
sunlight and temperature; different microbial communities and levels of metabolic
activity; soil and vegetation adsorption; different times of travel to receptors; and extent
of relative dilution and dispersion. Surface water systems are much more likely to show
time-dependant variation in concentrations, due to the presence of peaks immediately
following usage and run-off, or alternatively the flushing away and removal of any
residues, compared to the persistent reservoirs of agrichemicals within long-retention
groundwater systems.

Council officers considered that in Taranaki, agrichemical contamination of surface
water is most likely to occur in areas where there are commercial horticultural activities
(plant nurseries, market gardens etc) or below areas of intensive urban and agricultural
land use, including recreational areas where agrichemical usage might be high (eg golf
courses). Advice from industry and supply representatives was that peak usage tends to
be in spring-early summer. Nine regionally representative sites were selected, located in
the lower reaches of the Waitara River, Waiongana River, Waiwhakaiho River, Te Henui
Stream, Huatoki Stream, Oakura River, Waimoku Stream, Timaru River, and
Waingongoro River. Sampling was undertaken in November 2019, with the sampling
run timed to avoid wet weather and any consequent dilution of agrichemicals by high
river flows, and to avoid or minimise any seawater mixing in estuarine sites that might
likewise dilute pesticide concentrations if present.

Samples were analysed for comprehensive suites of acidic herbicides (22 compounds eg
24D, 2,4,5-T, MCPA, MCPB), organochlorine pesticides (24 compounds eg aldrin, DDT,
dieldrin, heptachlor), organophosphorus and organonitrogen pesticides (89 compounds

87



18.

Policy and Planning Committee - Pesticides in Surface Water Survey

eg atrazine, captan, chlorpyrifos, diazinon, malathion, simazine), glyphosate/ AMPA
herbicide (AMPA is a breakdown product from glyphosate), and a multi-residue
analysis for 64 other pesticides (eg bromophos-ethyl, methiocarb, phorate). A certificate
of analysis for the Waitara River and Waiongana River sites is attached to this
memorandum as an example. The full laboratory certificates for all sites are available
from Council officers upon request.

N
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Figure 1: sampling sites for survey of pesticides in surface water

Limits of detection achieved by the laboratories were far below (by many orders of
magnitude) the standards (human health standards) or guideline values (aesthetic
quality) for drinking water. The limits of detection were also generally at least about the
trigger values used by the Australian and New Zealand Environment and Conservation
Council (ANZECC) to ensure protection of at least 95% of all freshwater species, and for
some groups of pesticides the limits of laboratory detection were lower than even the
trigger levels for 99% protection. The suites of pesticide residues analysed on behalf of
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the Council were similar to and in some cases broader than those used by ESR in the
latter’s national groundwater surveys.

Results

19.

20.

21.

22.

Out of some 200 individual analytical results available for each of nine sites- about 1,800
results altogether- there were only two detections of individual pesticides. That is, there
was a detection rate of 0.1%. No pesticides were detected in 99.9% of all analyses.

Both aldrin and heptachlor were detected in the sample collected from the Waiongana
River. These chemicals are part of the family of organochlorines that were banned
several decades ago. Both compounds were present at a concentration of 0.000 006 g/ m?3,
or 6 parts of a millionth of a millionth. Both results were barely above the detection
threshold of 0.000 005 g/m?3. To put these results into perspective, the New Zealand
Drinking Water Standard for aldrin and dieldrin combined is 0.000 03 g/m?3, so the
aldrin concentration in the Waiongana River sample is 5 times lower than the drinking
water standard; the drinking water standard for heptachlor and heptachlor epoxide
combined is 0.000 04 g/m?3, so the heptachlor result in the Waiongana River sample is 7
times lower than the drinking water standard. (Note that neither dieldrin nor heptachlor
epoxide were detected in the sample, even at limits of detection 30 times below the
relevant drinking water standards).

The ANZECC aquatic ecological guidelines do not provide a trigger value for further
investigation for aldrin, as there was insufficient data available to derive defensible
trigger values. For heptachlor, the trigger value for protection of 99% of species (the
most stringent ecological protection value provided within the ANZECC guidelines) is
0.000 01 g/m?, so the result for the Waiongana River is half that which is to be applied
for the most stringent level of protection; the trigger value for protection of 95% of
species (the recommended level of protection for communities desiring a good level of
ecological health in slightly modified freshwater systems) is 0.000 09 g/m?3, so the result
for the Waiongana River is 15 times lower than the level of protection most relevant for
waterways in a developed landscape.

Organochlorines were historically used as insecticides. They are highly persistent within
the environment, and widely dispersed, typically through adsorption onto particles of
soil which subsequently become mobilised. While their use was banned more than 30
years ago, it is not surprising, given the power of modern analytical techniques, that
residues can still be detected in some environments. In the case of the Waiongana River,
it is noted that market gardening is a historical activity within the catchment, along with
very large plant nurseries. Such activities might well have used organochlorine
insecticides while they were legal for application. During the 1990s and the first decade
of the current millennium, this Council undertook a number of collections of hazardous
substances throughout the region. Over 40 tonnes of substances were gathered and
appropriately disposed of, including over 5 tonnes of organochlorine pesticides. Given
the number and success of collection programmes the Council has delivered, with
associated intensive publicity campaigns, the Council is confident that at most there are
only very small stockpiles or holdings of organochlorines left in the region, and thus
negligible potential for ongoing fresh releases of organochlorines into the environment.

Conclusions

23.

The survey of the presence and concentrations of pesticides in surface waters in
Taranaki is in response to the commitments and obligations of the Council as set out in
its RFWP and various statutes and regulations. It provides robust data for any
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discussion around the effect of pesticide usage in the region and the appropriateness of
current controls, and thus can inform the shaping of the next Regional Land and Water
Plan for Taranaki (in development). The survey’s findings, that pesticide residues in
surface waters are negligible, provide some reassurance to the Council and the regional
community that the provisions of the RFWP and the implementation of good practices
around the usage of pesticides are proving effective for the protection of the region’s
waterways and their associated values and uses.

Decision-making considerations

24. Part 6 (Planning, decision-making and accountability) of the Local Government Act 2002
has been considered and documented in the preparation of this agenda item. The
recommendations made in this item comply with the decision-making obligations of the
Act.

Financial considerations—LTP/Annual Plan

25. This memorandum and the associated recommendations are consistent with the
Council’s adopted Long-Term Plan and estimates. Any financial information included
in this memorandum has been prepared in accordance with generally accepted
accounting practice.

Policy considerations

26. This memorandum and the associated recommendations are consistent with the policy
documents and positions adopted by this Council under various legislative frameworks
including, but not restricted to, the Local Government Act 2002, the Resource Management
Act 1991 and the Local Government Official Information and Meetings Act 1987.

Iwi considerations

27. This memorandum and the associated recommendations are consistent with the
Council’s policy for the development of Maori capacity to contribute to decision-making
processes (schedule 10 of the Local Government Act 2002) as outlined in the adopted long-
term plan and/or annual plan. Similarly, iwi involvement in adopted work
programmes has been recognised in the preparation of this memorandum.

Legal considerations

28. This memorandum and the associated recommendations comply with the appropriate
statutory requirements imposed upon the Council.

Appendices/Attachments

Document 2386582: Certificate of analysis for survey of agrichemicals in surface waters:
Waitara and Waiongana river sites
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R J Hill Laboratories Limited T 0508 HILL LAB (44 555 22)
’ a 0 r a 0 r I e S 28 Duke Street Frankton 3204 | T +64 7 858 2000
/ Private Bag 3205 E mail@hill-labs.co.nz

TR I E D TE S TE D A N D TR US TE D Hamilton 3240 New Zealand W www.hill-laboratories.com

Certificate of Analysis Page 1 of 6

Client: | Taranaki Regional Council Lab No: 2280407 POPv1
Contact: | J Kitto Date Received: 23-Nov-2019
C/- Taranaki Regional Council Date Reported: | 02-Dec-2019
Private Bag 713 Quote No: 100151
Stratford 4352 Order No: 72831
Client Reference: | #5498 - Bacto A: NORTH
Submitted By: Jonti Owen

Sample Type: Saline

Sample Name:| TRC194165
(WTR000922)
22-Nov-2019

11:25 am
Lab Number: 2280407 1

OrganoNitrogen & Phosphorus pesticides, trace, lig/lig GCMS

Analytes Detected: | None
Acid Herbicides Screen in Water by LCMSMS
Analytes Detected: | None
Multiresidue Extra Pesticides Trace in Water samples by Lig/liq
Analytes Detected: | None
Organochlorine Pesticides Trace in water, By Liq/Liq
Analytes Detected: | None
Individual Tests
Glyphosate See attached - - - -
report

Please refer to the detection limits table for the list of analytes screened and their detection limits.

Sample Type: Aqueous

Sample Name: | TRC194167
(WGA000495)
22-Nov-2019
12:40 pm
Lab Number: 2280407.2
OrganoNitrogen & Phosphorus pesticides, trace, lig/lig GCMS
Analytes Detected: | None
Acid Herbicides Screen in Water by LCMSMS
Analytes Detected: | None
Multiresidue Extra Pesticides Trace in Water samples by Lig/liq
Analytes Detected: | None
Organochlorine Pesticides Trace in water, By Lig/Liq
Analytes Detected: 2
Aldrin g/m3 0.000006
Heptachlor g/m3 0.000006
Individual Tests
Glyphosate See attached - - - -
report

Please refer to the detection limits table for the list of analytes screened and their detection limits.

\\“"""’/, This Laboratory is accredited by International Accreditation New Zealand (IANZ), which represents New Zealand in
\%2 A the International Laboratory Accreditation Cooperation (ILAC). Through the ILAC Mutual Recognition Arrangement
ilam (ILAC-MRA\) this accreditation is internationally recognised.
’2,/7;_\\\\?: The tests reported herein have b § n performed in accordance with the terms of accreditation, with the exception of
N ACCREDITED LABORATORY  tests marked *, which are not actredited.



Analyst's Comments o

2280407.1 was spiked with target compounds as part of the in-house QC procedure for Acidic Herbicides analysis. It
showed lower than expected recoveries for bentazone and clopyralid (51% and 56% respectively). The corresponding
sample result was accepted because the Laboratory Control Sample (LCS) spike recovery was within the expected ranges
(91% and 92% respectively). This indicates that the low sample spike recovery was due to the matrix of the samples that
were spiked. The detection limits reported for these compounds have been raised for this reason.

Appendix No.1 - AsureQuality Report

Summary of Methods

The following table(s) gives a brief description of the methods used to conduct the analyses for this job. The detection limits given below are those attainable in a relatively clean matrix.
Detection limits may be higher for individual samples should insufficient sample be available, or if the matrix requires that dilutions be performed during analysis.
Unless otherwise indicated, analyses were performed at Hill Laboratories, 28 Duke Street, Frankton, Hamilton 3204.

Sample Type: Saline

Test Method Description Default Detection Limit [Sample No

Individual Tests

Glyphosate (Sub AQ) Subcontracted to AsureQuiality, Lower Hultt. - 1-2

Acid Herbicides Screen in Water by Direct injection LCMSMS 0.0003 - 0.0006 g/m3 1-2

LCMSMS

Multiresidue Pesticides Trace in Water | Liquid/liquid extraction, GPC (if required), GC-MS analysis - 1-2

by Lig/lig GCMS

Multiresidue Extra Pesticides Trace in Water samples by Lig/liq

Bendiocarb* Liquid / liquid extraction, GPC (if required), GC-MS SIM 0.00004 g/m3 1-2
analysis. Roos et al (modified).

Benodanil* Liquid / liquid extraction, GPC (if required), GC-MS SIM 0.00008 g/m3 1-2
analysis. Roos et al (modified).

Bifenthrin* Liquid / liquid extraction, GPC (if required), GC-MS SIM 0.00002 g/m3 1-2
analysis. Roos et al (modified).

Bromophos-ethyl* Liquid / liquid extraction, GPC (if required), GC-MS SIM 0.00004 g/m3 1-2
analysis. Roos et al (modified).

Bupirimate* Liquid / liquid extraction, GPC (if required), GC-MS SIM 0.00004 g/m3 1-2
analysis. Roos et al (modified).

Buprofezin* Liquid / liquid extraction, GPC (if required), GC-MS SIM 0.00004 g/m3 1-2
analysis. Roos et al (modified).

Captafol* Liquid / liquid extraction, GPC (if required), GC-MS SIM 0.0002 g/m3 1-2
analysis. Roos et al (modified).

Carboxin* Liquid / liquid extraction, GPC (if required), GC-MS SIM 0.00004 g/m3 1-2
analysis. Roos et al (modified).

Chlorfenvinphos* Liquid / liquid extraction, GPC (if required), GC-MS SIM 0.00004 g/m3 1-2
analysis. Roos et al (modified).

Chlorpropham* Liquid / liquid extraction, GPC (if required), GC-MS SIM 0.00008 g/m3 1-2
analysis. Roos et al (modified).

Chlozolinate* Liquid / liquid extraction, GPC (if required), GC-MS SIM 0.00004 g/m3 1-2
analysis. Roos et al (modified).

Coumaphos* Liquid / liquid extraction, GPC (if required), GC-MS SIM 0.00008 g/m3 1-2
analysis. Roos et al (modified).

Cyproconazole* Liquid / liquid extraction, GPC (if required), GC-MS SIM 0.00004 g/m?3 1-2
analysis. Roos et al (modified).

Cyprodinil* Liquid / liquid extraction, GPC (if required), GC-MS SIM 0.00004 g/m3 1-2
analysis. Roos et al (modified).

Demeton-S-methyl* Liquid / liquid extraction, GPC (if required), GC-MS SIM 0.00008 g/m3 1-2
analysis. Roos et al (modified).

Dichlobenil* Liquid / liquid extraction, GPC (if required), GC-MS SIM 0.00004 g/m3 1-2
analysis. Roos et al (modified).

Dichlofenthion* Liquid / liquid extraction, GPC (if required), GC-MS SIM 0.00004 g/m3 1-2
analysis. Roos et al (modified).

Dicofol* Liquid / liquid extraction, GPC (if required), GC-MS SIM 0.0002 g/m3 1-2
analysis. Roos et al (modified).

Dicrotophos* Liquid / liquid extraction, GPC (if required), GC-MS SIM 0.00004 g/m?3 1-2
analysis. Roos et al (modified).

Dinocap* Liquid / liquid extraction, GPC (if required), GC-MS SIM 0.0003 g/m3 1-2
analysis. Roos et al (modified).

Disulfoton* Liquid / liquid extraction, GPC (if required), GC-MS SIM 0.00004 g/m3 1-2
analysis. Roos et al (modified).

EPN* Liquid / liquid extraction, GPC (if required), GC-MS SIM 0.00004 g/m3 1-2
analysis. Roos et al (modified).

Esfenvalerate* Liquid / liquid extraction, GPC (if required), GC-MS SIM 0.00004 g/m3 1-2
analysis. Roos et al (modified).
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Sample Type: Saline

Test Method Description Default Detection Limit [Sample No

Ethion* Liquid / liquid extraction, GPC (if required), GC-MS SIM 0.00004 g/m3 1-2
analysis. Roos et al (modified).

Etrimfos* Liquid / liquid extraction, GPC (if required), GC-MS SIM 0.00004 g/m3 1-2
analysis. Roos et al (modified).

Famphur* Liquid / liquid extraction, GPC (if required), GC-MS SIM 0.00004 g/m3 1-2
analysis. Roos et al (modified).

Fenamiphos™ Liquid / liquid extraction, GPC (if required), GC-MS SIM 0.00004 g/m3 1-2
analysis. Roos et al (modified).

Fenarimol* Liquid / liquid extraction, GPC (if required), GC-MS SIM 0.00004 g/m3 1-2
analysis. Roos et al (modified).

Fenitrothion* Liquid / liquid extraction, GPC (if required), GC-MS SIM 0.00004 g/m3 1-2
analysis. Roos et al (modified).

Fenpropathrin* Liquid / liquid extraction, GPC (if required), GC-MS SIM 0.00004 g/m?3 1-2
analysis. Roos et al (modified).

Fensulfothion* Liquid / liquid extraction, GPC (if required), GC-MS SIM 0.00004 g/m3 1-2
analysis. Roos et al (modified).

Fenthion* Liquid / liquid extraction, GPC (if required), GC-MS SIM 0.00004 g/m3 1-2
analysis. Roos et al (modified).

Fenvalerate* Liquid / liquid extraction, GPC (if required), GC-MS SIM 0.00004 g/m3 1-2
analysis. Roos et al (modified).

Folpet* Liquid / liquid extraction, GPC (if required), GC-MS SIM 0.00008 g/m3 1-2
analysis. Roos et al (modified).

Hexythiazox* Liquid / liquid extraction, GPC (if required), GC-MS SIM 0.0002 g/m3 1-2
analysis. Roos et al (modified).

Imazalil* Liquid / liquid extraction, GPC (if required), GC-MS SIM 0.0002 g/m3 1-2
analysis. Roos et al (modified).

Indoxacarb* Liquid / liquid extraction, GPC (if required), GC-MS SIM 0.00004 g/m3 1-2
analysis. Roos et al (modified).

lodofenphos* Liquid / liquid extraction, GPC (if required), GC-MS SIM 0.00004 g/m3 1-2
analysis. Roos et al (modified).

Isazophos* Liquid / liquid extraction, GPC (if required), GC-MS SIM 0.00004 g/m3 1-2
analysis. Roos et al (modified).

Isofenphos™ Liquid / liquid extraction, GPC (if required), GC-MS SIM 0.00002 g/m3 1-2
analysis. Roos et al (modified).

Leptophos* Liquid / liquid extraction, GPC (if required), GC-MS SIM 0.00004 g/m?3 1-2
analysis. Roos et al (modified).

Methacrifos* Liquid / liquid extraction, GPC (if required), GC-MS SIM 0.00004 g/m3 1-2
analysis. Roos et al (modified).

Methidathion* Liquid / liquid extraction, GPC (if required), GC-MS SIM 0.00004 g/m3 1-2
analysis. Roos et al (modified).

Methiocarb* Liquid / liquid extraction, GPC (if required), GC-MS SIM 0.00004 g/m3 1-2
analysis. Roos et al (modified).

Mevinphos* Liquid / liquid extraction, GPC (if required), GC-MS SIM 0.00008 g/m3 1-2
analysis. Roos et al (modified).

Nitrofen* Liquid / liquid extraction, GPC (if required), GC-MS SIM 0.00008 g/m3 1-2
analysis. Roos et al (modified).

Nitrothal-isopropyl* Liquid / liquid extraction, GPC (if required), GC-MS SIM 0.00004 g/m?3 1-2
analysis. Roos et al (modified).

Oxychlordane* Liquid / liquid extraction, GPC (if required), GC-MS SIM 0.00002 g/m3 1-2
analysis. Roos et al (modified).

Penconazole* Liquid / liquid extraction, GPC (if required), GC-MS SIM 0.00004 g/m3 1-2
analysis. Roos et al (modified).

Phorate* Liquid / liquid extraction, GPC (if required), GC-MS SIM 0.00008 g/m3 1-2
analysis. Roos et al (modified).

Phosmet* Liquid / liquid extraction, GPC (if required), GC-MS SIM 0.00004 g/m3 1-2
analysis. Roos et al (modified).

Phosphamidon* Liquid / liquid extraction, GPC (if required), GC-MS SIM 0.00004 g/m?3 1-2
analysis. Roos et al (modified).

Propetamphos* Liquid / liquid extraction, GPC (if required), GC-MS SIM 0.00006 g/m3 1-2
analysis. Roos et al (modified).

Propham* Liquid / liquid extraction, GPC (if required), GC-MS SIM 0.00004 g/m3 1-2
analysis. Roos et al (modified).

Prothiofos* Liquid / liquid extraction, GPC (if required), GC-MS SIM 0.00004 g/m3 1-2
analysis. Roos et al (modified).

Pyrazophos* Liquid / liquid extraction, GPC (if required), GC-MS SIM 0.00004 g/m3 1-2
analysis. Roos et al (modified).

Pyrifenox* Liquid / liquid extraction, GPC (if required), GC-MS SIM 0.00004 g/m3 1-2
analysis. Roos et al (modified).
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Sample Type: Saline

Test Method Description Default Detection Limit [Sample No

Pyrimethanil* Liquid / liquid extraction, GPC (if required), GC-MS SIM 0.00004 g/m3 1-2
analysis. Roos et al (modified).

Quintozene* Liquid / liquid extraction, GPC (if required), GC-MS SIM 0.00008 g/m3 1-2
analysis. Roos et al (modified).

Sulfotep* Liquid / liquid extraction, GPC (if required), GC-MS SIM 0.00004 g/m3 1-2
analysis. Roos et al (modified).

Tebufenpyrad* Liquid / liquid extraction, GPC (if required), GC-MS SIM 0.00002 g/m3 1-2
analysis. Roos et al (modified).

Tetrachlorvinphos* Liquid / liquid extraction, GPC (if required), GC-MS SIM 0.00004 g/m3 1-2
analysis. Roos et al (modified).

Thiometon* Liquid / liquid extraction, GPC (if required), GC-MS SIM 0.00008 g/m3 1-2
analysis. Roos et al (modified).

Triadimefon* Liquid / liquid extraction, GPC (if required), GC-MS SIM 0.00004 g/m3 1-2
analysis. Roos et al (modified).

These samples were collected by yourselves (or your agent) and analysed as received at the laboratory.

Samples are held at the laboratory after reporting for a length of time depending on the preservation used and the stability of
the analytes being tested. Once the storage period is completed the samples are discarded unless otherwise advised by the

client.

This certificate of analysis must not be reproduced, except in full, without the written consent of the signatory.

Graham Corban MSc Tech (Hons)

Client Services Manager - Environmental

Lab No: 2280407 v 1
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Detection Limits

Analytes Detection Limit || Analytes Detection Limit || Analytes Detection Limit
OrganoNitrogen & Phosphorus pesticides, Norflurazon* 0.00008 g/m3 || Mecoprop 0.0004 g/m3
trace, ligfliq GCMS Oxadiazon* 0.00004 g/m3 | Oryzalin 0.0011 g/m?
Sample Number(s): 1-2 Oxyfluorfen* 0.00002 g/m? | 2,3,4,6-Tetrachlorophenol 0.0004 g/m3
Acetochlor* 0.00004 g/m? || Paclobutrazol* 0.00004 g/m3 || (TCP)
Alachlor* 0.00004 g/m? || Parathion-ethyl* 0.00004 g/ms | 2:4.5-trichlorophenoxypropionic .~ 0.0004 g/m?
Atrazine* 0.00004 g/m? || Parathion-methyl* 0.00004 g/ms || 219 (245TPFenoprop, Silvex)
- . . g : ; *y : g 2,4,5-Trichlorophenoxyacetic 0.0004 g/m3
Atrazine-desethyl 0.00004 g/m3 || Pendimethalin 0.00004 g/m? || acid (245T)
Atrazine-desisopropyl* 0.00008 g/m? || Permethrin* 0.00002 g/m? || pentachlorophenol (PCP) 0.0004 g/m3
Azaconazole® 0.00002 g/m3 || Pirimicarb* 0.00004 g/m?3 || Picloram 0.0004 g/m3
Azinphos-methyl* 0.00008 g/m?3 || Pirimiphos-methyl* 0.00004 g/m? || Quizalofop 0.0004 g/m3
Benalaxyl* 0.00002 g/m3 || Prochloraz* 0.0002 g/m3 | Triclopyr 0.0004 g/m3
Bitertanol* 0.00008 g/m3 || Procymidone* 0.00004 g/m* || sample Number(s): 2
iI* 3 * 3
Bromacil 0.00004 g/m Eromet:lln 0.00002 g/m3 Bentazone 0.0004 g/m?
. 3 .
Bromopropylate 0.00004 g/m ropachlor 0.00004 g/m Clopyralid 0.0004 g/m?
Butachlor® 0.00004 g/m3 || Propanil* 0.0002 g/m3
. Multiresidue Extra Pesticides Trace in Water
N . 3
Captan 0.00008 g/m3 || Propazine 0.00002 g/m: samples by Lig/lig
Carbaryl* 0.00004 g/m3 || Propiconazole* 0.00004 g/m3 s e Numb 12
Carbofenothion* 0.00004 g/ms || Pyriproxyfen® 0.00004 g/mp | S3mPple Number(s): )
Carbofuran* 0.00004 g/m? || Quizalofop-ethyl* 0.00004 g/m@ || Bendiocarb® 0.00004 g/m®
Chlorfluazuron* 0.00004 g/m? || Simazine* 0.00004 g/m3 | Benodanil® 0.00008 g/m®
Chlorothalonil* 0.00004 g/m?3 || Simetryn* 0.00004 g/m3 | Bifenthrin* 0.00002 g/m?
Chlorpyrifos* 0.00004 g/im? || Sulfentrazone* 0.0002 g/m? | Bromophos-ethyl* 0.00004 g/m?
Chlorpyrifos-methyl* 0.00004 g/m? | TCMTB [2- 0.00008 g/m3 | Bupirimate* 0.00004 g/m?
Chlortoluron* 0.00008 g/m? SQL(;%{ﬁ?a(;rgfet%yJ?;%)]* Buprofezin* 0.00004 g/m3
Cyanazine* 0.00004 g/m3 Teb | '* . , Captafol* 0.0002 g/m3
Cyfluthrin® 0.00004 g/mg || 122UCoNEZ0le 0.00004 g/m° | Garpofencthion* 0.00004 g/m?
: 9™l T erbacil* 0.00004 g/m3
Cvhalothrin® sl '8 : 9 Carboxin* 0.00004 g/m3
yhalothrin 0.00004 g/m Terbufos* 0.00004 g/m?
c - 5 || ' eroutos : 9/M* || Chiorfenvinphos* 0.00004 g/m3
ypermethrin 0.00008 g/m Terb . 4 3
- . 3 erbumeton 0.00004 g/m Chlorpropham* 0.00008 g/m3
Deltamethrin (including 0.00006 g/m Terbuthvlazine* 0.00002 g/m?
Tralomethrin)* erouthylazine : 9'Mm* || Chiozolinate* 0.00004 g/m3
Diazinon* 0.00002 g/m3 Terbuthylazine-desethyl 0.00004 g/m? Coumaphos* 0.00008 g/m3
Dichlofluanid* 0.00004 g/ms || Terbutryn 0.00004 g/m? || cynroconazole* 0.00004 g/m?
Dichloran* 0.0002 g/m3 || T hiabendazole 0.0002g/m* || cyorodinil* 0.00004 g/m?
Dichlorvos* 0.00008 g/m3 || T hiobencarb 0.00004 g/m* || pemeton-S-methyl* 0.00008 g/m?
Difenoconazole* 0.00008 g/ms || ToWYifluanid 0.00002 g/m? || pichobenil* 0.00004 g/m3
Dimethoate* 0.00008 g/m3 || 17iazophos 0.00004 g/m? || pjchiofenthion* 0.00004 g/m?
Diphenylamine* 0.00008 g/m3 || Tfifluralin 0.00004 g/m? || pyjcofol+ 0.0002 g/m?
Diuron* 0.00004 g/m3 | Vinclozolin 0.00004 g/m? || picrotophos* 0.00004 g/m?
Fenpropimorph* 0.00004 g/m3 || Acid Herbicides Screen in Water by LCMSMS || Dinocap* 0.0003 g/m3
Fluazifop-butyl* 0.00004 g/m? || Sample Number(s): 1 Disulfoton* 0.00004 g/m3
FIuo.meturon* 0.00004 g/m3 "5 i-mone 0.0008 g/m? EPN* 0.00004 g/m3
Flusilazole* 0.00004 g/m3 Clopyralid 0.0008 g/m? Esfenvalerate™ 0.00004 g/m3
Fluvalinate 0.00004 g/m3 Sample Number(s): 12 Ethion 0.00004 g/m3
Furalaxyl* 0.00002 g/m3 pyT— 0.0002 Qi Etrimfos* 0.00004 g/m3
Haloxyfop-methyl* 0.00004 g/ms || uerten DO M o mphur* 0.00004 g/m@
Bromoxynil 0.0004 g/m3 .
Hexaconazole* 0.00004 g/m3 Fenamiphos™ 0.00004 g/m3
. 2,4-Dichlorophenoxyacetic acid =~ 0.0004 g/m3 .
Hexazinone* 0.00002 g/m3 (24D) Fenarimol* 0.00004 g/m3
IPBC (3-Iodo-2-EropynyI-n- 0.0002 g/m3 2,4-Dichlorophenoxybutyric acid ~ 0.0006 g/m3 Fenitrothion* 0.00004 g/m3
butylcarbamate) (24DB) Fenpropathrin* 0.00004 g/m3
Kresoxim-methyl* 0.00002 g/m® || picamba 0.0006 g/m3 || Fensulfothion* 0.00004 g/m3
Linuron® 0.00005 g/m® || pichiorprop 0.0004 g/m3 | Fenthion* 0.00004 g/m3
Malathion® 0.00004 g/m? || Fiyazifop 0.0004 g/m3 | Fenvalerate* 0.00004 g/m3
Metalaxy! 0.00004 g/m® || F1yroxypyr 0.0004 g/m3 | Folpet* 0.00008 g/m3
Metolachlor” 0.00004 g/m® || Ha1oxyfop 0.0004 g/m? || Hexythiazox* 0.0002 g/m3
Metribuzin™ 0.00004 g/m? 2-methyl-4-chlorophenoxyacetic = 0.0004 g/m3 || Imazalil* 0.0002 g/m?
Molinate* 0.00008 g/m?3 || acid (MCPA) Indoxacarb* 0.00004 g/m?
Myclobutanil* 0.00004 g/m3 || 2-methyl-4- 0.0004 g/m3 lodofenphos* 0.00004 g/m?
" chlorophenoxybutanoic acid :
Naled 0.0002 g/m® (MCPS) 4 Isazophos* 0.00004 g/m3
Lab No: 2280407 v 1 Page 5 of 6
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Multiresidue Extra Pesticides Trace in Water

samples by Lig/li

Sample Number(s):

1-2

Isofenphos™
Leptophos*
Methacrifos*
Methidathion*
Methiocarb*
Mevinphos™*
Nitrofen*
Nitrothal-lsopropyl*
Oxychlordane*
Penconazole*
Phorate*
Phosmet*
Phosphamidon*
Propetamphos*
Propham*
Prothiofos™
Pyrazophos*
Pyrifenox*
Pyrimethanil*
Quintozene*
Sulfotep*
Tebufenpyrad*
Tetrachlorvinphos*
Thiometon*
Triadimefon*

0.00002 g/m?
0.00004 g/m?
0.00004 g/m?
0.00004 g/m?
0.00004 g/m?
0.00008 g/m3
0.00008 g/m3
0.00004 g/m?
0.00002 g/m?
0.00004 g/m?
0.00008 g/m3
0.00004 g/m?
0.00004 g/m?
0.00006 g/m3
0.00004 g/m?
0.00004 g/m?
0.00004 g/m?
0.00004 g/m?
0.00004 g/m?
0.00008 g/m3
0.00004 g/m?
0.00002 g/m?
0.00004 g/m?
0.00008 g/m3
0.00004 g/m?

Endosulfan II*
Endosulfan sulfate*
Endrin*

Endrin aldehyde*
Endrin ketone*
Heptachlor*
Heptachlor epoxide*

Hexachlorobenzene*
Methoxychlor®

Total Chlordane [(cis+trans)*
100/42]*

0.000010
g/m3
0.000010
g/m3
0.000005
g/m3
0.000005
g/m3
0.000010
g/m?3
0.000005
g/m?3
0.000005
g/m?3
0.00004 g/m3
0.000005
g/m?3
0.00002 g/m3

Organochlorine Pesticides Trace in water, By

Lig/Liq
Sample Number(s): 1-2
Aldrin* 0.000005
g/m3
alpha-BHC* 0.000010
g/m3
beta-BHC* 0.000010
g/m3
delta-BHC* 0.000010
g/m3
gamma-BHC (Lindane)* 0.000010
g/m3
cis-Chlordane* 0.000005
g/m3
trans-Chlordane* 0.000005
g/m3
2,4'-DDD* 0.000010
g/m3
4,4'-DDD* 0.000010
g/m3
2,4'-DDE* 0.000010
g/md
4,4'-DDE* 0.000010
g/m3
2,4'-DDT* 0.000010
g/m3
4,4'-DDT* 0.000010
g/m3
Total DDT Isomers* 0.00006 g/m3
Dieldrin* 0.000005
g/m3
Endosulfan I* 0.000010
g/m3

Lab No:

2280407 v 1
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Global Experts in Food Assurance

Certificate of Analysis

Environment Client Service Managers
Hill Laboratories - Hamilton

Private Bag 3205

Hamilton 3240

New Zealand

Report Issued: 29-Nov-2019

AsureQuality Reference: 19-271948

T °|K§M r@él%@'éﬂﬂé@ﬂﬂ 1@%@&“@&.9&?9@%%? |_'6'bv§rl1lﬁﬁ%‘§1 w W&En§b#(YﬁXw Zealand
AsureQual 478l PO Box 31242 | Lower Hutt 5040 | Wellington | New Zealand

t. +64 4 570 8800 | e. cswellington@asurequality.com | w. www.asurequality.com

Submission Reference: EnvSubAQ_LH 249

Final Report

PO Number: 152895

Sample(s) Received: 26-Nov-2019 07:30

Testing Period: 26-Nov-2019 to 29-Nov-2019

Results

The tests were performed on the samples as received.

Customer Sample Name: 2280407.1

Lab ID: 19-271948-1

Sample Description: Saline

Sample Condition: Acceptable

Sampled Date: 23-Nov-2019

Test Result Unit Method Reference
Glyphosate and AMPA in Potable and Non-Potable Water
AMPA <0.0010 mg/kg AsureQuality Method (LC-MS/MS)
Glyphosate <0.0010 mg/kg AsureQuality Method (LC-MS/MS)
Customer Sample Name: 2280407.2 Lab ID: 19-271948-2
Sample Condition: Acceptable Sampled Date: 23-Nov-2019
Test Result Unit Method Reference
Glyphosate and AMPA in Potable and Non-Potable Water
AMPA <0.0010 mg/kg AsureQuality Method (LC-MS/MS)
Glyphosate <0.0010 mg/kg AsureQuality Method (LC-MS/MS)

Analysis Summary

Wellington Laboratory

Analysis Method
Glyphosate and AMPA in Potable and Non-Potable Water
DX-GLYPO01, 01-DEFAULT AsureQuality Method (LC-MS/MS)

Accreditation

IANZ

Authorised by

Joanne Fry

Results that are prefixed with '<' indicate the lowest level at which the analyte can be reported, and that in this case the analyte was not observed above this limit.

VAV

Joanne Fry
Scientist

AsureQuality has used reasonable skill, care, and effort to provide an accurate analysis of the sample(s) which form(s) the subject of this report. However, the accuracy of this analysis is reliant on, and subject
to, the sample(s) provided by you and your responsibility as to transportation of the sample(s). AsureQuality's standard terms of business apply to the analysis set out in this report.

Report Number: 1706695 This report must not be reproduced except in full, without the prior written approval of the laboratory.
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AsureQuality Reference: 19-271948¢licy and Planning Committee - Pesticides in Surface Water Survey Report Issued: 29-Nov-2019
Accreditation
PR .
laces | JO
=00 ACCREDITED LABORATORY
Report Number: 1706695  This report must not be reproduced except in full, without the prior written approval of the laboratory. Page 2 of 3
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AsureQuality Reference: 19-271948olicy and Planning Committee - Pesticides in Surface Water Survey

Report Issued: 29-Nov-2019

Appendix

Analyte LOR Summary

Glyphosate and AMPA in Potable and Non-Potable Water - AsureQuality Method (LC-MS/MS)

Analyte
AMPA
Glyphosate

Analyte Definitions

LOR
0.0010 mg/kg
0.0010 mg/kg

Glyphosate and AMPA in Potable and Non-Potable Water - AsureQuality Method (LC-MS/MS)

Analyte
AMPA

Full Name

Aminomethylphosphonic acid

LOR = Limit of Reporting

LOD = Limit of Detection NR = Not Reportable

Report Number: 1706695

This report must not be reproduced except in full, without the prior written approval of the laboratory.
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Policy and Planning Committee - Summary of Freshwater Improvement Fund project 'Transforming Taranaki' for 1 year (2018-19)

&2\ MEMORANDUM

aoran®X, Policy & Planning

Date 4 February 2020

Subject: Summary of the Freshwater Improvement Fund
(FIF) Project ‘Transforming Taranaki’ for year 1
(2018-19)

Approved by: S R Hall, Director - Operations

B G Chamberlain, Chief Executive

Document: 2409209

Purpose

1. The purpose of this memorandum is to update Members on the progress of the
freshwater improvement fund project ‘transforming Taranaki’, following completion of
year one of this project, and an update on the riparian programme with reference to the
development of the approaching auditing regime.

2. A brief presentation on the item will be given.

Executive summary

3. The Freshwater Improvement Fund (FIF) is a government led initiative managed by the
Ministry for the Environment (MfE) aimed at helping to improve and protect New
Zealand's fresh water resources. The Taranaki Regional Council (the Council) made a
successful application to the fund in mid-2017. The project focused on accelerating the
riparian programme with a particular emphasis on rewarding those that either have
completed their plans or have shown good progress towards finishing by 2020.

4. Ministry for the Environment funding totalled $2 million and distributed over a two-
year period with a total of $1 million spent in each year of the project. Of this, $500,000
was assigned to maintenance and weed control projects on existing riparian margins in
Taranaki. Another $500,000 assigned to subsidising plants for further riparian planting
in the region. Year one of the project completed on 30 September 2019 with $977,430 of
audited works completed. Planning and operations for year two are well under way and
scheduled to finish by 30 September 2020.

5. The riparian management programme has seen a healthy increase in implementation
rates in recent times and partly attributed to the FIF project. With a pending shift
towards more regulatory measures for the riparian programme, the land management
team are developing a strategy for auditing existing riparian plans in the region to
accurately gauge the completed and remaining works.

100
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Recommendations

That the Taranaki Regional Council:

a)

b)

receives this memorandum Summary of the Freshwater Improvement Fund Project
“Transforming Taranaki” for year 1 (2018-19); and

notes the approach to delivery and progress made to date.

Fund performance

6.

10.

11.

12.

13.

The Freshwater Improvement Fund (FIF) is a $100 million fund over 10 years; MfE
oversees the fund for projects larger than $400,000. The fund was launched in 2017 and
to date the Government have committed $47 million to 34 projects across New Zealand.

The Taranaki Regional Council made four applications to the fund in mid-2017. These
projects were: accelerating the riparian programme; improving water quality in the
Waitotara catchment; improving water quality in the Waitara catchment; and a
constructed wetland at the lower end of the Mangati catchment. Of these projects, the
riparian project was the only one approved.

The riparian project focuses on rewarding those that either have completed their plans
or have shown good progress towards finishing by 2020. The Council has received
funding of $2 million over two years (2018-2020). Riparian Management Plans with high
original proposed works, high works implemented and are complete, take priority for
FIF maintenance funding. Allocation of funds for both the maintenance of existing
riparian areas and contribution towards completion of planting were made. The
following will be achieved over the 2 years:

e  $1 million allocated to riparian maintenance;

e  $1 million allocated to riparian completion planting;

e 1,000 plan holders to receive funding for maintenance and/or planting ; and
e Planting 250 km of stream bank with 250,000 native plants.

To achieve the above, maintenance works and planting is to take place on up to 500
selected Riparian Management Plans per year to the value of $2,000 each. Contractors
are used to deliver the work; landowners will contribute one dollar per plant.

At the conclusion of year one of the project a total of $977,430 has been spent on both
maintenance and plant funded projects.

A total of $497,934 has been spent on subsidising plants and planting costs while
$479,496 has been spent on maintenance works. This has encompassed 519 properties in
total with 259 receiving FIF plant funding and 260 receiving FIF maintenance funding,
respectively.

The Council exceeded the target of 500 properties to receive the funding in year one,
however total expenditure was under the targeted $1 million. This is because not all
projects met the $2,000 limit per property.

Physical works undertaken under the FIF planting option involved advertising a
planting tender contract, securing a signed plant order, plant pick-up from one of our
five depots along with spot spraying and planting the plants. Plan holders could enter
into the tender system, seek their own contractor, or plant themselves. Expenditure at 30
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September 2019 for FIF planting totalled $497,934.81, which accounts for 256 plant
orders ($362,693) and 204 planting ($135,241) rebates processed. A total of 176,952 plants
were sold through the FIF plant funding option.

14. Physical works undertaken under the FIF maintenance option involved advertising a
weed control tender contract where contractors undertook work that involved hand
releasing, spraying, and cut and paste methods. It also involved plan holders being able
to order up to 200 plants for infill blanking of their riparian margins where they could
enter into the tender system, seek their own contractor, or plant themselves. Expenditure
at 30 September 2019 for FIF maintenance totalled $479,496, which accounts for 233
weed control jobs ($358,710), 122 plant orders ($75,348) and 110 planting ($45,437)
rebates processed. A total of 23,355 plants were sold under the FIF maintenance funding
option.

15. There were 200,307 native riparian plants sold and planted in year one of the FIF project.
This was a significant contribution to the total 539,000 plants sold in the riparian scheme
in 2018-19. Year two of the project is now well under way with operational processes in
full swing and the contract tender for maintenance works complete. Maintenance works
have commenced on the ground and will carry on through to the end of April 2020.
Land Management Officers (LMOs) are also scoping and confirming FIF plant funding
projects as they work through annual monitoring and will be confirmed by May 2020.
The total budget for expenditure for 2019-20 is $1,022,569.

Riparian Programme — Progress and audit

16. The Council’s riparian management programme is progressing well with all Riparian
Management Plans undergoing a full audit over the next couple of years to provide plan
holders with clarity on what is required to achieve compliance. It is important to note
the Government freshwater proposals recently released are likely to be in place at some
point this year. Whilst there is still much uncertainty around where these will finally
land, it is hoped that the Council's riparian requirements, which are the most
comprehensive and advanced in the country, will more than meet anything the
Government requires.

17. In the 2018-19 financial year, some 539,000 native plants were supplied and sold through
the programme, with 296 km of fencing and 321 km of planting completed. This takes
the total implementation to 87.1% fenced and 75.2% vegetated (where recommended) in
the region.

18. Year to date progress for the 2019-20 financial year sees some 112.5 km of fencing and
221.7 km of planting already completed. Trends suggest that this is a significant increase
in implementation in this early stage of the year.

19. The Land Management team have been developing a mobile application over the last 12
months to carry out full farm riparian audits. Development of this app is nearing
completion with office based and field testing now being carried out. The aim is to have
a fully functional product ready to go live by early this year. Once the app is up and
running, auditing of riparian works will be more efficient and will ramp up considerably
over the next year. These audits will provide an accurate assessment of works
completed, works remaining, and will generate the monitoring regimes of individual
riparian management plans moving forward.
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Decision-making considerations

20. Part 6 (Planning, decision-making and accountability) of the Local Government Act 2002
has been considered and documented in the preparation of this agenda item. The
recommendations made in this item comply with the decision-making obligations of the
Act.

Financial considerations—LTP/Annual Plan

21. This memorandum and the associated recommendations are consistent with the
Councils adopted Long-Term Plan and estimates. Any financial information included in
this memorandum has been prepared in accordance with generally accepted accounting
practice.

Policy considerations

22. This memorandum and the associated recommendations are consistent with the policy
documents and positions adopted by this Council under various legislative frameworks
including, but not restricted to, the Local Government Act 2002, the Resource Management
Act 1991 and the Local Government Official Information and Meetings Act 1987.

Iwi considerations

23. This memorandum and the associated recommendations are consistent with the
Council’s policy for the development of Maori capacity to contribute to decision-making
processes (schedule 10 of the Local Government Act 2002) as outlined in the adopted Long-
Term Plan and/or Annual Plan. Similarly, Iwi involvement in adopted work
programmes is recognised in the preparation of this memorandum.

Legal considerations

24. This memorandum and the associated recommendations comply with the appropriate
statutory requirements imposed upon the Council.
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Policy and Planning Committee - Update on Proposed Coastal Plan for Taranaki: Appeals

&2\ MEMORANDUM

Taranaki

Regional Counci PO“CY & Planning

Date 4 February 2020

Subject: Update on Proposed Coastal Plan for Taranaki:
Appeals

Approved by: A D McLay, Director - Resource Management

B G Chamberlain, Chief Executive

Document: 2408708

Purpose

1. The purpose of this memorandum is to update Members on appeals lodged with the
Environment Court on the Proposed Coastal Plan for Taranaki (the Proposed Plan).

Executive summary

2. The Coastal Plan review has involved a comprehensive consultative and engagement
process, including the extra steps of consulting on the Draft Proposed Coastal Plan and
undertaking extensive pre-hearing engagement with submitters on the publicly notified
Proposed Plan.

3. The Proposed Plan was publicly notified on 24 February 2018. Sixty-one initial
submissions were received on the Proposed Plan, with a further 25 submissions received
in support or opposition of the initial submissions. A hearing of submissions was held
over August and September 2018.

4.  After its Ordinary meeting of 1 October 2019, Council considered and adopted the
hearing panel’s report and recommendations, which included many changes to give
effect to relief’s sought by submitters. In accordance with the Resource Management Act
1991 (RMA), the Council’s decisions on submissions were publicly notified with
submitters having 30 working days from receipt of the Council’s decisions in which to
lodge appeals to the Environment Court.

5. Ten appeals have been lodged with the Environment Court involving largely non-
government organisations, one iwi, and two Government departments.

6. Nineteen parties have subsequently lodged with the Environment Court that they wish
to be a party to any proceedings before the Environment Court pursuant to section 274
of the RMA. As a section 274 party, these parties must state whether they support or
oppose the proceedings and have an opportunity to participate in any Environment
Court mediation or other dispute resolution of the proceedings, and/or appear and call
evidence at any Environment Court hearing.
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Of note, a number of new parties that have not previously submitted on the Proposed
Plan have entered the process given some of the matters that are the subject of the
appeal, i.e. the Fishing Industries Parties and the Ministry for Fisheries.

Issues raised by the appellants predominantly relate to relief sought in relation to how
the Proposed Plan regulates hydrocarbon exploration and production activities, protects
significant indigenous biodiversity, and recognises tangata whenua values.

With the lodgement of the appeals, proceedings are now largely dependant upon
Environment Court processes. Where possible, the Environment Court will encourage
settlement by negotiation or the use of alternative dispute resolution processes
(principally mediation) under section 268 of the RMA. Some matters raised are likely to
be resolved by mutual agreement with submitters. However, it is anticipated that not all
matters are likely to be resolved and there will need to have a hearing of the
Environment Court.

After hearing appeals before the Environment Court, the court may direct Council to
make changes to the Proposed Plan pursuant to section 293 of the RMA.

Recommendations

That the Taranaki Regional Council:

a)

b)

receives this memorandum entitled Update on Proposed Coastal Plan for Taranaki: Appeals;
and

notes that ten appeals to the Proposed Plan have been lodged with the Environment
Court.

Background

11.

12.

13.

14.

15.

As Members are aware, the Council is reviewing its current Regional Coastal Plan for
Taranaki under the Resource Management Act 1991 (the RMA). A Proposed Plan, which
was the culmination of a comprehensive consultative and engagement process including
consultation on the Draft Proposed Coastal Plan, was publicly notified on 24 February
2018.

Sixty-one initial submissions were received on the Proposed Plan, with a further 25
submissions received in support or opposition of the initial submissions.

Members may recall that the Council, acting under section 34A of the RMA, appointed
three experienced hearing commissioners to hear, consider and make recommendations
to it on the submissions on the Proposed Plan. The Council delegated to the Hearing
Panel all its functions, powers and duties to hear and consider submissions on the
Proposed Plan, including requiring and receiving reports under section 42A and
exercising powers conferred by sections 41B and 41C of the RMA.

On Wednesday 24 July and Thursday 1 August 2019, a Hearing Panel heard submissions
made to the Proposed Plan. The three accredited hearing commissioners appointed to
the Hearing Panel, were Cr Michael Joyce (as Chair), Cr Neil Walker, and Rawiri
Faulkner (an independent hearing commissioner with plan hearing and tikanga Maori
expertise).

Fifteen submitters were heard in support of their submissions at the Hearing, with a
further six submitters tabling correspondence to be considered by the Hearing Panel.
During the course of the hearing, the Hearing Panel considered the submissions, heard
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17.

18.
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all written submissions on the Proposed Plan, the outcome of pre-hearing consultation
with all submitters, the officer recommendations on submissions and the further
evidence and submissions tabled at the Hearing. The Hearing Panel reached decisions
on all submissions and instructed officers to prepare a report setting out the Panel’s
deliberations and its recommendations to the full Council on those submissions.

The Policy and Planning Committee considered and adopted its report and
recommendations on submissions at its meeting on 3 September 2019. The Hearing
Panel’s recommendations were incorporated into the Council’s decisions report with
that report and an amended version of the Proposed Plan being adopted at the Ordinary
meeting of 1 October 2019.

The Council’s decisions were publicly notify with submitters individually notified on
the 4th of October. Clause 14(1) of the first schedule of the RMA reads as follows:

“... a person who made a submission on a proposed policy statement or plan may appeal to the
Environment Court in respect of —

a) aprovision included in the proposed policy statement or plan; or

b) a provision that the decision on submissions proposes to include in the policy statement or
plan; or

c) amatter excluded from the proposed policy statement or plan; or

d) a provision that the decision on submissions proposes to exclude from the policy statement or
plan.”

Any appeals must relate to matters raised in submissions. The deadline for submitters
to lodge an appeal against the Council’s decision was 18 November. Given the extensive
engagement undertaken it was hoped there would be no appeals. However, this did not
eventuate.

Appeals against the Proposed Plan

19.

20.

Pursuant to Clause 14(1) of the first schedule of the RMA, Council has been advised by
the Environment Court that 10 submitters have lodged to appeal the Proposed Plan,
these being;:

e  (Climate Justice Taranaki

e  Department of Conservation

e Fonterra

e Ngaruahine

e New Zealand Defence Force

e  Petroleum Exploration and Production Association of NZ
e Royal Forest and Bird Society

e Taranaki Energy Watch

e Transpower

Issues raised by the appellants may be broadly grouped under the following
matters/themes:

e  Further controls and restrictions on hydrocarbon and exploration activities (Climate
Justice Taranaki, Taranaki Energy Watch)
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e  Further recognition for regionally important infrastructure, industries and/or
network utilities (Transpower, Fonterra)

e  Further provision for the protection of biodiversity (Department of Conservation,
Royal Forest and Bird Society) or opposed to Council’s decisions in relation to
biodiversity (PEPANZ)

e  Further provision for spatial planning for the protection of cultural heritage (Grant
Knuckey, Ngaruahine)

e Revised provisions for noise (New Zealand Defence Force).

Section 274 parties

21. In accordance with section 274(1) of the RMA, other persons may also be a party to any
proceedings before the Environment Court where they have an interest in the
proceedings greater than the public generally.

22. As a section 274 party, these parties must state whether they support or oppose the
proceedings and have an opportunity to participate in any Environment Court
mediation or other dispute resolution of the proceedings, and/or appear and call
evidence at any Environment Court hearing.

23. The Council has been given notice that the following are a party to proceedings under
section 274 of the RMA:

e  Department of Conservation

e Fonterra

e New Zealand Defence Force

e  Petroleum Exploration and Production Association of NZ
¢ Royal Forest and Bird Society

e Taranaki Energy Watch

e  Greenpeace

¢ Kiwis Against Seabed Mining

e Transpower

e Powerco

e Oil Companies (Z Energy Ltd, BP Oil New Zealand Ltd and Mobil Oil New Zealand
Ltd)

e Spark New Zealand Limited

e Port Taranaki Ltd

e Trans-Tasman Resources Ltd

e Te Kaahui o Rauru

e Federated Farmers

e  South Taranaki District Council

e  Fishing Industry Parties (Fisheries Inshore New Zealand, NZ Rock Lobster Industry
Council and Paua Industry Council)
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e  Minister of Fisheries.

24. With the appeals, many submitters have decided to re-enter the process. However, two
new parties, that have not previously submitted on the Proposed Plan, have also entered
the process given some of the matters that are the subject of the appeal, namely the
Fishing Industries Parties and the Ministry for Fisheries.

Where to from here

25. With the lodgement of the appeals, proceedings are now largely dependent upon
Environment Court processes. Where possible, the Environment Court will encourage
settlement by negotiation or the use of alternative dispute resolution processes
(principally mediation) under section 268 of the RMA.

26. While the lodgement of the appeals and subsequent delay in making the Proposed Plan
operative is frustrating (particularly given the effort put in to resolving issues with
submitters), staff have a good measure of confidence that many of the matters raised can
be resolved by mutual agreement with submitters and this will be progressed over the
coming months. However, it is anticipated that not all matters are likely to be resolved
or settled with some submitters and there will be a need to have a hearing at the
Environment Court.

27. After hearing appeals before the Environment Court, the court may direct Council to
make changes to the Proposed Plan pursuant to section 293 of the RMA. Officers will
regularly update Members through this part of the process.

Decision-making considerations

28. Part 6 (Planning, decision-making and accountability) of the Local Government Act 2002
has been considered and documented in the preparation of this agenda item. The
recommendations made in this item comply with the decision-making obligations of the
Act.

Financial considerations—LTP/Annual Plan

29. This memorandum and the associated recommendations are consistent with the
Council’s adopted Long-Term Plan and estimates. Any financial information included
in this memorandum has been prepared in accordance with generally accepted
accounting practice.

Policy considerations

30. This memorandum and the associated recommendations are consistent with the policy
documents and positions adopted by this Council under various legislative frameworks
including, but not restricted to, the Local Government Act 2002, the Resource Management
Act 1991 and the Local Government Official Information and Meetings Act 1987.

Iwi considerations

31. This memorandum and the associated recommendations are consistent with the
Council’s policy for the development of Maori capacity to contribute to decision-making
processes (schedule 10 of the Local Government Act 2002) as outlined in the adopted long-

108



Policy and Planning Committee - Update on Proposed Coastal Plan for Taranaki: Appeals

term plan and/or annual plan. Similarly, iwi involvement in adopted work
programmes has been recognised in the preparation of this memorandum.

Legal considerations

32. This memorandum and the associated recommendations comply with the appropriate
statutory requirements imposed upon the Council.
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&2\ MEMORANDUM

Taranaki

Regional Counci PO“CY & Planning

Date 4 February 2020

Subject: Taranaki Estuarine Vulnerability Assessment -
consultant report

Approved by: G K Bedford, Director - Environment Quality

B G Chamberlain, Chief Executive

Document: 2409900

Purpose

1. The purpose of this memorandum is to introduce the report produced by Dr Ben
Robertson (Robertson Environmental Ltd.), Taranaki Regional Estuaries - Ecological
Vulnerability Assessment. The report has been prepared to provide baseline information
on the region's estuaries and to inform monitoring priorities for the Council's State of the
Environment Estuaries Monitoring Programme.

2. Staff will make a presentation to the Committee on the report.

Executive summary

3. A soft shore (estuarine) SEM programme was in place at the Taranaki Regional Council
(the Council) from 1996 until 2013, at which time it was deemed to be no longer fit for
purpose and was discontinued.

4. A review of the estuarine SEM programme was completed in 2016, which recommended
that a region-wide synoptic baseline survey was undertaken, in the form of an Estuarine
Vulnerability Assessment (EVA).

5. The recommendation for an EVA was made as it would provide valuable baseline
information on the estuaries in Taranaki, particularly in terms of their sedimentation
and eutrophication status. This information could then be used for defensibly
prioritising ongoing State of the Environment Monitoring effort (ensuring that
monitoring was prioritised at the estuaries that were most susceptible to the effects of
sedimentation and eutrophication).

6. Inearly 2019, the Council commissioned Dr Ben Robertson (Robertson Environmental
Ltd) to undertake an EVA for 20 estuaries (tidal river mouths) in Taranaki.

7. The EVA produced three main outputs for each estuary: habitat maps, vulnerability
ratings (including condition assessments), and monitoring recommendations.

8. Habitat maps were produced during field surveys at each estuary to document the
dominant estuary features (e.g. substratum, vegetation, etc.). These maps provide a
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baseline against which broad scale changes in the future can be measured. The
information recorded in this survey was also used to inform the estuarine condition
assessments (described in the next paragraph).

An overall vulnerability rating was assigned, by assessing the susceptibility and current
condition of each estuary with respect to sedimentation and eutrophication state and
potential. The susceptibility to sedimentation (muddiness) and eutrophication was
assessed using catchment and land use information, as well as physical and hydrological
attributes of the estuary. The current condition of each estuary was determined through
field surveys, where relevant synoptic variables were measured in order to determine
the estuary's sedimentation and eutrophication status at that point in time. Together,
these assessments produced an overall vulnerability rating for each estuary.

The vulnerability rating was used to inform future monitoring recommendations. Where
an estuary's overall vulnerability was minimal to moderate, it was recommended that
synoptic (screening level) monitoring be completed only every 10 years. Where an
estuary's overall vulnerability was moderate to high, more intensive monitoring was
deemed appropriate. This monitoring would entail five yearly 'broad-scale' (habitat
mapping) surveys which focus on changes in dominant estuary features or habitats.
Three years of annual 'fine-scale' surveys, which assess the baseline condition of
intertidal sediment through various physical, chemical and biological indicators, were
also recommended for the moderate to highly vulnerable estuaries. Where
eutrophication symptoms were present, or highly likely to occur, eutrophication
targeted monitoring was recommended, consisting of monthly water sample collection
through the summer period when eutrophication risk was greatest.

Assessment results found that sedimentation susceptibility was moderate to high at
seven of 20 estuaries. Condition assessments undertaken during the field visits
supported this finding, with the same seven estuaries (35%) rating 'very high' with
regards to current sedimentation levels.

In terms of eutrophication, susceptibility ratings varied from high to very high at five of
20 estuaries, however, the condition assessments only discovered eutrophication
symptoms at two (10%).

For 11 of the estuaries (55%), the condition ratings for both sedimentation and
eutrophication ranged from minimal to moderate.

The EVA monitoring recommendations were as follows:

Synoptic monitoring every ten years was recommended for the Onaero, Waiongana,
Waiwhakaiho, Te Henui, Tapuae, Timaru, Kauopokonui, Waingongoro, Tangahoe and
Manawapou Estuaries

Broad and fine scale monitoring was recommended for the Mohakatino, Tongaporutu,
Mimi, Urenui, Waitara, Patea and Waitotara Estuaries (broad-scale five yearly, fine-scale
annual for 3 years, then review).

Eutrophication-centred water quality monitoring was recommended for the Oakura,
Katikara and Whenuakura Estuaries (once a month for one summer, then review).

Council Officers plan to use the majority of the recommendations in this report to
inform ongoing monitoring priorities.
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Recommendations

That the Taranaki Regional Council:

a)
b)

©)

receives the report Taranaki Regional Estuaries - Ecological Vulnerability Assessment;
notes the results of EVA

notes that the recommendations within the report will be used to inform an ongoing
State of the Environment Estuaries Monitoring Programme.

Background

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

The Resource Management Act 1991 (the RMA) established requirements for local
authorities to undertake environmental monitoring. Section 35 of the RMA requires local
authorities to monitor, among other things, the state of the environment for their region
or district, to the extent that is appropriate to enable them to effectively carry out their
functions under the Act.

To this effect, the Taranaki Regional Council (the Council) has established a State of the
Environment Monitoring (SEM) programme for the region. This programme is outlined
in the Council’s “State of the Environment Monitoring Procedures Document”, which
was prepared in 1997. The monitoring programme is based on the significant resource
management issues that were identified in the Council’s Regional Policy Statement for
Taranaki (1994).

Historically, the coastal component of the SEM programme involved bathing beach
water quality and coastal marine ecology. Coastal marine ecology was assessed by
monitoring intertidal rocky reefs (hard-shore) and estuarine (soft-shore) habitats.

The estuarine health SEM component ran from 1996 until 2013, at which time it was
deemed to be no longer fit for purpose and was discontinued.

A review of the estuarine SEM programme was completed in 2016, which recommended
that a baseline survey of the region's estuaries be undertaken. The purpose of this
recommendation was to gather information on all of the region's estuaries and,
subsequently, inform where ongoing monitoring was most needed.

An Estuarine Vulnerability Assessment (EVA), offered by Robertson Environmental
Limited was identified as a baseline survey methodology that would provide the
information necessary to inform an ongoing Estuarine SEM programme.

Father and son, Dr Barry and Dr Ben Robertson, are the two directors at Robertson
Environmental Limited. They have both been involved in similar vulnerability
assessments in the Southland, Greater Wellington, Tasman, Manawatu-Whanganui and
Nelson regions, and have developed the NZ Estuary Trophic Index (ETI) toolbox.

It was not feasible for the EVA to cover all of the region's coastal water bodies
(hydrosystems) given that there are 217 parent catchments in Taranaki. Therefore, a
shortlist of 20 sites was formulated, including all of the region's estuaries and a selection
of regionally representative stream mouths where tidal intrusion was limited but may
occasionally occur.

Robertson Environmental Limited were subsequently commissioned to undertake an
EVA covering the 20 selected sites with the field work component taking place between
26 February and 4 March 2019.

The EVA report was finalised in August 2019.
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Discussion

29.

30.

31.

32.

33.

34.

35.

36.

37.

An estuary can be defined as a semi enclosed body of water which may be always open
to the sea (or intermittently open) and within which there are variations in salinity due
to the interactions between seawater and freshwater (Robertson et al. 2002, Pritchard
1967).

There are a number of small estuaries (<500ha) at the mouths of Taranaki’s larger rivers.
Due to the gradient and geology of the ring plain, this stretch of the coast lacks any
extensive estuarine environments, instead the region’s larger estuaries are located
further north and south. These estuaries are well flushed, with a high freshwater input/
area ratio and relatively little diversity in the way of intertidal and subtidal habitats.

Under the New Zealand Coastal Hydrosystem Typography (Hume et al., 2016), the
estuaries in Taranaki are all classified as tidal river mouths. The remaining coastal
hydrosystems found around the Taranaki coastline largely consist of freshwater river
mouths and beach stream mouths.

The scope of the EVA was to include the tidal river mouths within the Taranaki region.
To achieve this, an initial survey was carried out to formulate a list of sites to be
included in the assessment.

In the end, the final 20 sites that were put forward for the EVA not only included the
region's larger estuaries located north and south of the ring plain, but also a number of
smaller stream mouths where tidal intrusion was limited but may occasionally occur.
Including this wide range of estuaries allowed the assessment to better represent the
region. The estuaries included in the EVA, listed in descending order of catchment size,
are as follows: Waitotara, Waitara, Patea, Whenuakura, Tangahoe, Tongaporutu,
Waingongoro, Waiongana, Kaupokonui, Waiwhakaiho, Mimi, Urenui, Mohakatino,
Manawapou, Onaero, Oakura, Tapuae, Timaru, Te Henui, Katikara.

The EVA focused on two major issues facing New Zealand estuaries, sedimentation and
eutrophication. Increased sedimentation (deposition of terrestrial sediment) in estuaries
can lead to significant adverse impacts on their ecology and amenity. These effects
include, but are not limited to, the loss of natural estuarine habitats and a shift in benthic
infaunal communities (to the detriment of important kai moana species). Eutrophication
refers to the adverse consequences of increased growth of phytoplankton and/or
macroalgal species driven by increased nutrient availability. Eutrophic conditions
interfere with natural ecological processes in estuaries by significantly affecting
sediment and water quality. Eutrophication can also detract from the amenity of
estuaries due to visual effects and odour issues.

The EVA produced three main outputs for each estuary: a habitat map, a vulnerability
rating (including a condition assessment), and monitoring recommendations.

Habitat maps were produced during field surveys at each estuary to document the
dominant estuary features (e.g. substratum, vegetation, etc.). These maps provide a
baseline to measure broad scale changes against in the future. The information recorded
in this survey is also used to inform the estuarine condition assessments (described in
the next paragraph). Following these field surveys, all 20 estuaries were classed as
Shallow, Short Residence Time Tidal River Estuaries (SSRTREs) based on ETI Tool 1
(Robertson et al. 2016).

An overall vulnerability rating was assigned, by assessing the susceptibility and current
condition of each estuary with respect to sedimentation and eutrophication state and
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potential. The susceptibility to sedimentation and eutrophication was assessed using
catchment and land use information, as well as physical and hydrological attributes of
the estuary. The current condition of each estuary was determined with the field
surveys, where relevant synoptic variables were measured in order to determine the
estuary's sedimentation and eutrophication status at that point in time. Together, these
assessments produced an overall vulnerability rating for the estuary.

The vulnerability rating was used to inform future monitoring recommendations. Where
an estuary's overall vulnerability was minimal to moderate, it was recommended that
synoptic (screening level) monitoring be completed only every 10 years. Where an
estuary's overall vulnerability was found to be moderate to high, more intensive
monitoring was deemed appropriate. This monitoring would entail five yearly 'broad-
scale' (habitat mapping) surveys which focus on changes in dominant estuary features or
habitats. Three years of annual 'fine-scale' surveys, which assess the baseline condition
of intertidal sediment through various physical, chemical and biological indicators, were
also recommended for the moderate to highly vulnerable estuaries. Where
eutrophication symptoms were present, or highly likely to occur, eutrophication
targeted monitoring was recommended, consisting of monthly water sample collection
through the summer period when eutrophication risk is greatest.

The field component of the EVA was carried out between 26 February and 4 March 2019
and the final report was produced in August 2019. The key findings of the assessment
are discussed below.

Where the vulnerability of an estuary was moderate to high, this was largely due to the
effects of sedimentation rather than eutrophication. This was the case for seven of the 20
estuaries included in the assessment (i.e. Mohakatino, Tongaporutu, Urenui, Mimi,
Waitara, Patea and Waitotara). Vulnerability to sedimentation was generally attributed
to high sediment loads, and the high areal coverage of soft mud in the estuary recorded
during the condition assessment. On the contrary, eutrophication was considered less of
an issue in these estuaries due to them being well flushed, with no primary symptoms
being identified during the condition assessments (i.e. macroalgae and/or
phytoplankton blooms).

Two estuaries, Oakura and Katikara, were rated moderate to highly vulnerable to
eutrophication effects. These were the only two estuaries where symptoms of
eutrophication, in the form of phytoplankton blooms, were recorded. It should be noted
that these observations were made during worst case conditions (i.e. low river flows,
restricted stream mouths). Other estuaries were considered susceptible to eutrophication
where they had large intertidal areas (to facilitate macroalgal blooms), high catchment
nutrient loads, and where they were poorly flushed or restricted at the mouth.

Out of the 20 estuaries that were assessed, the EVA recommended that 10 receive
synoptic monitoring only, seven receive broad and fine scale monitoring, and three
receive monitoring targeting the potential water quality drivers of eutrophication for
three years, followed by a review.

Synoptic monitoring was recommended for the Onaero, Waiongana, Waiwhakaiho, Te
Henui, Tapuae, Timaru, Kauopokonui, Waingongoro, Tangahoe and Manawapou
Estuaries.

Broad and fine scale monitoring was recommended for the Mohakatino, Tongaporutu,
Mimi, Urenui, Waitara, Patea and Waitotara Estuaries.
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Eutrophication targeted monitoring was recommended for the Oakura, Katikara and
Whenuakura Estuaries.

It should be noted that catchment land use, nutrient and sediment load, and
hydrological models have been factored into this assessment to determine estuary
susceptibility to sedimentation and eutrophication. These models are associated with
varying degrees of accuracy. Furthermore, the condition assessments involved discrete
sampling measurements and observations that were representative of a single point in
time. For these reasons, this EVA should not be interpreted as a complete and
comprehensive assessment of the issues facing Taranaki estuaries. Instead, the purpose
of the EVA was to screen the estuaries to identify which ones were susceptible to, or are
currently experiencing issues related to sedimentation and/or eutrophication. Ongoing
SEM monitoring will provide a more detailed assessment of estuarine health going
forward.

When reviewing the results of this assessment, it is also important to consider what the
natural (pre-human) state of these estuaries would have looked like. Although the EVA
incorporates catchment information and nutrient and sediment loads, which represent
changes from the pre-human era, it does not deduce what the condition of each estuary
once was, nor what it should or could be. It is generally understood that following the
geological formation of an estuary, it begins to infill with terrestrial sediment.
Depending on the age and physical attributes of the estuary, and the adjacent coastal
and catchment processes, it will contain a varying proportion of marine and terrestrial
sediments. Given this, it may be possible for estuaries in catchments with highly
erodible terrain and geology, to have a muddier pre-human baseline state, than estuaries
in catchments with contrasting attributes. In Taranaki, eastern hill country catchments
are typified by their erodible terrain and geology, therefore, these estuaries potentially
contained an elevated level of sediment before human arrival and intervention (e.g. land
clearance). There are methods available to investigate historical sedimentation rates in
estuaries (e.g. Hunt 2019), and it may be worth doing so. This is because it is important
to understand what the natural state of these ecosystems may have looked like,
especially within the context of what the estuarine ecosystem values are that the
community would like to maintain or enhance, and what outcomes are possible with
policy interventions.

Finally, it was outside of the scope of the EVA to consider the effects of nutrient and
sediment loads on the near shore coastal environment adjacent to these estuaries. This is
another line of enquiry to investigate in the future, given the value of near shore coastal
water quality and habitats in Taranaki.

It may be noted that Council officers are currently in discussions with academic
researchers over a possible major reef and near-shore research proposal, which would
shed light on these additional questions.

Decision-making considerations

50.

Part 6 (Planning, decision-making and accountability) of the Local Government Act 2002
has been considered and documented in the preparation of this agenda item. The
recommendations made in this item comply with the decision-making obligations of the
Act.
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Financial considerations—LTP/Annual Plan

51. This memorandum and the associated recommendations are consistent with the
Council’s adopted Long-Term Plan and estimates. Any financial information included
in this memorandum has been prepared in accordance with generally accepted
accounting practice.

Policy considerations

52. This memorandum and the associated recommendations are consistent with the policy
documents and positions adopted by this Council under various legislative frameworks
including, but not restricted to, the Local Government Act 2002, the Resource Management
Act 1991 and the Local Government Official Information and Meetings Act 1987.

Iwi considerations

53. This memorandum and the associated recommendations are consistent with the
Council’s policy for the development of Maori capacity to contribute to decision-making
processes (schedule 10 of the Local Government Act 2002) as outlined in the adopted long-
term plan and/or annual plan. Similarly, iwi involvement in adopted work
programmes has been recognised in the preparation of this memorandum.

Legal considerations

54. This memorandum and the associated recommendations comply with the appropriate
statutory requirements imposed upon the Council.
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Executive Summary

Robertson Environmental Limited has been engaged by Taranaki Regional Council (TRC) to un-
dertake the vulnerability assessment of twenty estuaries in the Taranaki Region in relation to the
key coastal issues of eutrophication (excessive nutrients) and sedimentation (excessive muddi-
ness), and to use the resulting information to inform long-term estuary monitoring recommenda-
tions.

The purpose of the assessment was to characterise each estuary’s current ecological condition in
relation to eutrophication and sedimentation, and compare the findings with relevant national stan-
dards (NZ Estuary Trophic Index, NZ ETI), to provide recommendations regarding future monitor-
ing priorities at a regional scale. The fieldwork was undertaken in February 26" - 4" March 2019,
and the results, overall vulnerability ratings, and monitoring recommendations are outlined below
(see summary table on next page).

Estuary Vulnerability to Eutrophication and Sedimentation

As is characteristic of estuaries on the West Coast of NZ, all twenty of the Taranaki Region estuar-
ies assessed were shallow, short residence time, tidal river estuaries (SSRTRESs), each variable in
size and partially separated from the sea by a range of physical features. The results showed that
each estuary fits into one of four sub-types (based on physical attributes and freshwater inflows),
each with different vulnerabilities to nutrients and fine sediment and therefore long-term monitoring
requirements, as follows:

Estuary Type 1. Short length, low flow SSRTREs - <1 km long, beach located, low freshwater
inflows (<1 m? s-'), mouth sometimes restricted/closed. Taranaki Region estuaries that fit into this
sub-group included Tapuae, Timaru, Te Henui, and Katikara Estuaries.

* Physical characteristics: Very short length, often beach located SSRTREs consist of rela-
tively narrow channels situated between the upper edge of the beach and the tidal level.
In some situations the channel meanders along the back of the beach for a small distance
before entering the sea, whereas in others the discharge path is more direct. A few expand
into small lagoons around the upper high water area. In very high tides and storm surges,
saline water enters the stream inland of the beach for a small distance. At times the mouth
is often restricted and can sometimes close for short periods, during which time the upper
beach lagoon may expand and show eutrophication/sedimentation symptoms.

* Overall vulnerability: With the exception of Katikara Estuary, which was shown to be highly
vulnerable to eutrophication impacts, Type 1 estuaries were the least vulnerable of the Ta-
ranaki Region estuaries to eutrophication and sedimentation. The main reason for this was
their small size, comparatively low ecological diversity, and regular periods of high flushing
(even though some examples experience periodic mouth closure/restriction). Consequently,
although estimated nutrient and sediment loads to the estuaries were generally large, they
are unlikely to be subjected to prolonged periods of eutrophication and muddiness. Synop-
tic surveys of this estuary type in Feb/March 2019 confirmed the absence of symptoms of
eutrophication (i.e. opportunistic macroalgal and/or phytoplankton blooms) or sedimentation
(extensive areas of soft muddy sediments), while Katikara Estuary had phytoplankton issues
as indicated by highly elevated chlorophyll a concentrations throughout the subtidal channel
habitat.

Estuary Type 2. Moderate length, low flow SSRTREs - 1-3 km long, low freshwater inflows (<2
m3 s-'), mouth sometimes restricted/closed. Taranaki Region estuaries that fit into this sub-group
included Waiongana, Mimi, Manawapou, Onaero, Waingongoro, Kaupokonui, and Oakura Estu-
aries.

* Physical characteristics: Moderate length SSRTREs consist of relatively narrow chan-
nels situated between the tidal level and approximately 1-3 km inland. In some situations
the channel meanders along the back of the beach for a distance before entering the sea,
whereas in others the discharge path is more direct. A few expand into small lagoons around
the upper high water area. The estuary mouth is generally open to the sea but in others it is
often closed (e.g. Onaero Estuary).
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Summary of NZ ETl-based susceptibility, current condition and overall vulnerability ratings, and monitoring recommendations, for twenty Tarana-
ki Region estuaries, 2019. * See further details in ‘Estuary Monitoring Recommendations’ below.
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* Overall vulnerability: Type 2 estuaries which had excessive nutrient/sediment loads and

whose mouths were mostly closed (and therefore very poorly flushed) were identified as
moderately to highly vulnerable. Those that had excessive nutrient/sediment loads but were
mostly open to the sea were rated as moderately vulnerable. When nutrient/sediment loads
were low and estuaries were open to the sea, estuaries had minimal vulnerability. Charac-
teristic symptoms of eutrophication were opportunistic macroalgal blooms and/or elevated
chlorophyll a symptomatic of phytoplankton blooms, with symptoms of sedimentation being
extensive areas of soft fine muddy sediments. The expression of such symptoms was vari-
able because of the flushing regime - being highly flushed during high flow events, and poor-
ly flushed during summer low flows when their mouths become restricted and the upstream
waters stratify. This meant that under high nutrient/sediment loads, the estuaries were likely
to exhibit eutrophication and muddiness symptoms only during periods of mouth constriction
and/or poor flushing.

Estuary Type 3. Long length, moderate flow SSRTRESs - 3-12 km long, moderate freshwater in-
flows (4-6 m* s-'), mouth always open. Taranaki Region estuaries that fit into this sub-group included
Tangahoe, Urenui, and Mohakatino Estuaries.

Physical characteristics: Long SSRTREs, with moderate freshwater inflows and mouths
always open, consist of a relatively narrow channel that extends inland for approximately
3-12 km. In some situations the channel meanders along the back of the beach for a distance
before entering the sea, whereas in others the discharge path is more direct.

Overall vulnerability: Type 3 estuaries all had moderate-high vulnerability (apart from Tan-
gahoe Estuary), primarily reflecting their high sediment loads and soft mud habitat. The main
reason for the moderate eutrophication rating was that, for estuaries where the nutrient load
was excessive, the estuary was likely to oscillate between low and moderate-high levels of
eutrophication; i.e. low levels of eutrophication and sedimentation in winter, and immediately
during and following high flow events in the warmer months, and moderately eutrophic con-
ditions with some sedimentation during summer base-flow conditions. This latter situation
arises from the extensive estuary length and moderate freshwater inflow, which means that
the residence time for water and nutrients is sufficient to allow for phytoplankton blooms un-
der baseflow conditions (given that the time taken for a parcel of water to travel the length of
the estuary under baseflow is ~1-3 days for these estuaries).

Estuary Type 4. Long length, high flow SSRTREs - 3-12 km long, high freshwater inflows (7-220
m? s-'), mouth always open. Taranaki Region estuaries that fit into this sub-group included Wait-
otara, Waitara, Patea, Whenuakura, Tongaporutu, and Waiwhakaiho Estuaries.

Physical characteristics: Long SSRTREs, with high freshwater inflows and mouths always
open, consist of relatively narrow channels situated between the tidal level and approximate-
ly 3-12 km inland. In some smaller estuaries the channel meanders along the back of the
beach for a distance before entering the sea, whereas in others the discharge path is more
direct. Some of the smaller estuaries expand into lagoons around the upper high water area.
In the larger examples (e.g. Tongaporutu, Waitara and Patea Estuaries), significant areas of
intertidal flats are found in the mid-lower estuary.

Overall vulnerability: Most of the Type 4 estuaries had high overall vulnerability. This rating
reflects their high nutrient/sediment loads and, in most cases, significant intertidal habitat
already affected by sedimentation (extensive areas of soft muddy sediments), despite the
fact that flushing in these estuaries was found to be high, even during summer low flows (a
consequence of the high freshwater inflows, extensive tidal intrusion, mouths always open
and narrow channels). Although synoptic surveys of each estuary in March 2019 gener-
ally indicated the absence of symptoms of eutrophication (i.e. opportunistic macroalgal and/
or phytoplankton blooms), eutrophic susceptibilities remain high for several of these long
length/high flow systems. It is also noted that the vulnerability of the inshore coastal habitats
from the river plumes of these large estuaries has not been assessed in this report, given it
was outside the study brief.
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We note that field survey results of conditions within Mimi, Urenui, Patea and Whenuakura estuaries
ranged from minimal to moderate with respect to eutrophication status. However, these condition
ratings did not reflect their very high susceptibility ratings (based on catchment nutrient loading
and specified physical attributes), despite the survey being carried out towards the end of summer
following a sustained period of warm weather and low river flows, i.e. during a high risk period for
eutrophication to occur. The prevention of primary eutrophication symptoms in these very highly
susceptible estuaries was likely attributable to other less well-understood factors (discussed
further in the body of this report). Therefore further fine scale monitoring is recommended to
better understand, characterise and manage these systems in relation to eutrophication (and
sedimentation) impacts.

Finally, catchment land use and hydrological models have been factored into this assessment which
are associated with varying degrees of accuracy. For this reason and others listed in Section 7, the
work presented here should not be interpreted as a complete and comprehensive assessment of
the issues facing Taranaki estuaries. Rather, this is a screening level assessment for the purpose
of identifying estuaries which are vulnerable to, or are currently experiencing, issues related to
sedimentation and/or eutrophication. Recommendations for future monitoring are made within this
report which allow for more detailed assessments of the state and trend of estuarine health in the
region.

Estuary Monitoring Recommendations

To maintain the value of the twenty surveyed Taranaki Region estuaries, and to ensure sufficient
information is available to manage each in relation to the identified vulnerability to eutrophication
and sedimentation, long-term monitoring is recommended for each estuary below.

For Tongaporutu, Mimi, Urenui, Mohakatino, Waitotara, Waitara and Patea Estuaries, all with
significant intertidal and subtidal habitat comprising poorly flushed/muddy substrata, moderate-
high nutrient/sediment loads and high human use and cultural/ecological values, the following four
components are recommended:

* Broad scale habitat mapping to document dominant estuary features (e.g. substratum,
seagrass, saltmarsh, macroalgae) and monitor changes over time. It is typically repeated at
5-yearly intervals;

* Fine scale monitoring measures the condition of representative intertidal sediments
(usually the dominant substrata type as well as deposition zones where sedimentation and
eutrophication symptoms are more likely to be expressed) and subtidal channel habitat using
a suite of physical, chemical and biological indicators. It is undertaken once annually for
three consecutive years during the period Nov-March (usually at 2 intertidal and 3-4 subtidal
sites), and thereafter at 5-yearly intervals;

* Annual sedimentation rate (including grain size) monitoring measures sedimentation
trends within the estuary over time. Sediment plates should be deployed and monitored
annually as per Hunt (2019);

* High level data on dominant changes in catchment landuse to track changes in high
risk activities (e.g. land disturbance, point source discharges), and facilitate estimates of
changes to naturally occurring catchment inputs of sediment, nutrients and other stressors
(e.g. pathogens) likely from human influenced land disturbance.

For Katikara, Oakura and Whenuakura Estuaries, where overall eutrophication vulnerability is
high, it is recommended that:

* Annual monitoring of targeted eutrophication indicators (intertidal and subtidal channel)
be undertaken to provide data on long-term trophic state trends. To address potential for
eutrophication, it is recommended that relevant water column and sediment-based indicators
be monitored monthly during the period Nov-March each year at 1-2 sites representative of
general conditions (e.g. mid-upper estuary) and at the same time, intertidal/shallow subtidal
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* macroalgal cover be assessed throughout the intertidal/shallow subtidal estuary. This
monitoring may cease if, after 1-2 years, eutrophication is not found to be a persistent issue
in the estuaries. Because these estuaries are generally flushed regularly by high flow events,
it is recommended that long-term monitoring for sedimentation be limited to low frequency
(5-yearly), broad scale, screening level assessments only.

For Tapuae, Timaru, Te Henui, Waiongana, Manawapou, Onaero, Waingongoro, Kaupokonui,
Tangahoe and Waiwhakaiho Estuaries, all of which had very low overall vulnerabilities to both
sedimentation and eutrophication, we recommend:

* Low frequency, screening level monitoring only. To address the low potential for
eutrophication/sedimentation issues (including both benthic and water column effects), it is
recommended that low frequency (once every 10 years), screening level (synoptic) monitoring
be undertaken to confirm that these low risk estuaries have not changed their vulnerability
ratings.

The monitoring proposed, based on the NEMP framework, has been successfully applied to
establish estuary monitoring priorities throughout NZ, and underpins the NZ ETI. Adopting a
nationally consistent approach ensures the TRC benefit directly from work undertaken in other
regions, as well as from established tools and existing national data, indicators and thresholds.
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1 Introduction

1.1 Project Brief and Scope

Gathering information to inform the assessment of effects on the coastal environment is implicit
in New Zealand’s legislation for sustainable management. A key mechanism in this process is to
undertake estuary vulnerability assessments, which are designed to consistently and transpar-
ently assess the vulnerability of estuaries in the region to major coastal issues (see Appendix A),
to identify appropriate monitoring design, and guide management.

Recently, Taranaki Regional Council (TRC) contracted Robertson Environmental Limited to iden-
tify the habitat vulnerability and monitoring priorities associated with the key estuarine issues
of eutrophication (excessive nutrients) and sedimentation (excessive muddiness) for estuarine
ecological resources in the Taranaki Region using a similar approach to that recently used in
the coastal vulnerability assessments in the Southland, Greater Wellington, Tasman, Manawatu-
Wanganui and Nelson regions (Robertson and Stevens 2007a, 2007b, 2007c, 2008, 2012, 2016,
2017) and in the NZ Estuary Trophic Index (ETI) toolbox (Robertson et al. 2016a,b). The following
report targets 20 estuaries in the Taranaki Region (Figure 1) and includes three main components
which produce the following outputs:

» Estuarine Habitat Maps: An ArcMap GIS dataset depicting current broad-scale habitat and
substrata types within each estuary, using aerial photographs and ground truthing tech-
niques (e.g. Robertson 2019). Habitat and substrata maps for 20 estuaries are presented in
the main document (also provided to TRC as electronic GIS files).

* Vulnerability Assessments: An assessment of the “vulnerability” and “existing condition” of
the estuarine habitats to key estuarine issues of eutrophication and sedimentation using the
recently developed NZ Estuary Trophic Index (ETI) toolbox (Robertson et al. 2016a,b).

* Monitoring Priorities: A recommended monitoring programme designed to track long-term
changes in estuary condition and guide appropriate management in relation to these key
issues in a stageable, cost effective and defensible manner.

1.2 Report Structure

The current report presents a brief overview of the scope and structure of the study (Section 1.1),
methods used for the habitat mapping, vulnerability assessments and for identifying monitoring
recommendations (Section 2), summary detail for each estuary, including their characteristics,
values and uses, vulnerabilities to eutrophication and sedimentation, existing condition and rec-
ommended monitoring (Section 3), and an estuary-specific overview of the vulnerability assess-
ment results (Section 4) and monitoring recommendations (Section 5).
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Figure 1. Taranaki Region, including locations of 20 estuaries assessed in the present
study.
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2 Assessment Methodology

2.1 Vulnerability Assessments and Monitoring Recommendations

The Taranaki Region Estuary Vulnerability Assessment (EVA) follows the NZ Estuary Trophic
Index (ETI) approach (Robertson et al. 2016a,b) (see summary inset below), which is designed
to be used by experts to represent how estuarine ecosystems are likely to react to the effects of
excessive nutrients and fine sediment, and how to monitor and assess their existing level of eu-
trophication and sedimentation. A summary outline of the approach used for the Taranaki Region
EVA is presented in Figure 2, with a detailed step-wise outline of the methods presented in Sec-
tion 2.2. For each estuary, a final matrix used for recording the findings for each of the key steps
is presented in Appendix C.

Summary of NZ Estuary Trophic Index (ETI) Tool

The NZ ETl is a stand-alone, hard-copy methodology that includes two sets of tools that provide screen-
ing guidance for assessing where an estuary sits in the eutrophication (and associated sedimentation)
gradient, what is required to shift it to a different location in the gradient, and which indicators are re-
quired for monitoring. Each tool is presented in a separate report with supporting appendices. Although
the ETI focuses on the issue of eutrophication, it includes relevant thresholds for determining the influ-
ence of fine sediments on estuary condition, in particular, sedimentation rate and area (spatial extent) of
soft muds.

Screening Tool 1. Physical and Nutrient Susceptibility Tool

This method is designed to provide a relatively robust and cost effec-
tive approach to enable the prioritisation of estuaries for more rigorous
monitoring and management. It applies a desktop susceptibility ap- NZ Estuary Trophic Index
proach that is based on estuary physical characteristics, and nutrient PRSICHL A WA LD R+
input load/estuary response relationships for key NZ estuary types. The
tool produces a single physical susceptibility score that can be used
to classify either the physical susceptibility (i.e. very high, high, mod-
erate, low susceptibility), and/or be combined with nutrient load data
to produce a combined physical and nutrient load susceptibility rating.
Nutrient areal load/trophic state bands for each estuary eutrophication
type will be developed as a long-term goal, with data currently available
for some estuary types, but not all as yet. This section also provides
guidance on the use of a simple load/response model tool provided in
the ETI toolbox, and recommendations for the use of more robust ap-
proaches for setting load limits. [Note recent extensions to Tool 1 (Plew
et al. under review) have also been employed to determine estuary eu-
trophic susceptibility in this report].

Screening Tool 2. Trophic Condition Assessment Tool

This tool is a monitoring approach that characterises the ecological
gradient of estuary trophic condition for relevant ecological response
indicators (e.g. macroalgal biomass, dissolved oxygen), and provides a NZ Estuary Trophic Index
means of translating these ratings into an overall estuary trophic con- BT T
dition rating/score (the ETI). It provides guidance on which condition
indicators to use for monitoring the various estuary types (and why they
have been chosen), and on assessing the trophic state based on the
indicator monitoring results and their comparison to numeric impair-
ment bands (e.g. very high, high, moderate, low). The latter involves
measurement of the expression of both primary (direct) eutrophication
symptoms (e.g. macroalgae phytoplankton) and supporting indicators
for secondary (indirect) symptoms of trophic state.
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Taranaki Region Estuary Vulnerability Assessment Outline

For determining eutrophication and sedimentation susceptibility using physical and nutrient/
sediment load data and monitoring priorities (adapted from NZ ETI Toolbox - Robertson et al.
2016a,b)

Step 1. Map Broad Scale Habitat

Step 2. Identify Broad Estuary Type

1. Shallow Intertidal Dominated Estuary (SIDE)

2. Shallow, Short Residence Time Tidal River Estuary (SSRTRE)
3. Deeper, Subtidal Dominated Estuaries (DSDE)

4. Intermittently Closed/Open SIDES or SSRTREs

Estuaries in the Taranaki Region were all SSRTREs,
some with mouth intermittently closed/restricted

1
SSRTRE SSRTRE
mouth intermittently closed/restricted mouth always open
High Suscept. SSRTREs Moderate Suscept. SSRTREs Moderate Suscept. SSRTREs Low Suscept. SSRTREs
i.e. long closure period i.e. short closure period i.e. mouth open but extensive areas of i.e. mouth always open, no extensive
(months) (days to weeks) poorly flushed high value habitat areas of poorly flushed high value habitat

! { / {
!

Step 3. Estimate Susceptibility to Eutrophication and Sedimentation and Current Condition

\/

Step 4. Rate the Stressor Influence on Estuary Habitat

\/

Step 5. Identify and Rate Stressor Influence on Human Uses and Ecological Values

\/

Step 6. Rate Stressor Influence on Monitoring Indicators and Issues

\/

Step 7. Identify Priority Indicators for Monitoring

\/

Step 8. Identify Overall Vulnerability, Monitoring Recommendations and Key Issues

Figure 2. Flow diagram outlining the procedure used to assess the eutrophic and sedimen-
tation susceptibility of estuaries and provide monitoring recommendations in the present
report. Note: estuary-specific vulnerability matrices (including NZ ETI Tool 1 & Tool 2 outputs)

are presented in Appendix C.
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2.2 Summary of the steps used in the Taranaki Region Estuary Vulnerability
Assessment

Step 1: Generate Broad Scale Estuary Habitat Maps

In order to identify habitats in Taranaki Region estuaries, broad scale mapping based on the Na-
tional Estuarine Monitoring Protocol - NEMP (Robertson et al. 2002) was used to record the pri-
mary habitat features at a structural class level e.g. vegetation: saltmarsh, seagrass, macroalgae,
and substrata: mud, sand, cobble, rock. Features were ground-truthed on 1:2,000, 0.3 m pixel”,
colour aerials flown in summer 2016-18 and provided by LINZ (http://data.linz.govt.nz/layer/99140)
and digitised into ArcMap 10.5 to produce GIS maps of dominant intertidal substrata, saltmarsh,
and seagrass (Zostera spp. or Ruppia spp.).

Estuaries were mapped from a 120° angle from the low tide channel entering the sea to the upper
extent of saline intrusion (directly measured or where inaccessible estimated based on the pres-
ence of salt intolerant plants).

Appendix D lists the class definitions used to classify estuarine substrata and vegetation. Sub-
strata were mapped separately, with the total area of soft mud used as a primary indicator of fine
sedimentation impacts, and seagrass and macroalgae were assessed using measures of biomass
and percentage cover, as described in the ETI (Robertson et al. 2016a,b) and elsewhere (e.g.
Robertson 2019). Broad scale habitat features were digitised into ArcMap 10.5 shapefiles, and
combined with field notes and georeferenced photographs to produce habitat maps showing the
dominant cover of: substrata (e.g. mud, sand, cobble, rock), macroalgae (e.g. Ulva spp., Gracilaria
spp.), seagrass, and saltmarsh vegetation. These broad scale results are summarised in Section
3, with the supporting GIS files (supplied as a separate electronic file) providing a more detailed
data set designed for easy interrogation to address specific monitoring and management ques-
tions.

Step 2: Identify Estuary Type

Susceptibility to eutrophication and sedimentation in estuaries is influenced by specific physical
modifying characteristics including dilution, flushing, residence time, depth and intertidal extent.

The ETI adopted a simple four category typology (described further in Table 1) specifically suited
to the assessment of estuarine eutrophication susceptibility in NZ (an adaptation of the more de-
tailed New Zealand Coastal Hydrosystems Typology, Hume 2016), as follows:

. Shallow intertidal dominated estuaries (SIDEs);
. Shallow, short residence time tidal river and tidal river with adjoining lagoon estuaries (SSRTRESs);
. Deeper subtidal dominated, longer residence time estuaries (DSDEs);

. The ETI classed SIDEs and SSRTREs whose mouths intermittently close for short or long periods
as ICOLLs (intermittently closed/open lakes and lagoons estuaries), but ICOLLs are more accurately
sub types of SIDEs and SSRTREs.

The results of the broad scale assessment indicated that all the Taranaki Region estuaries as-
sessed were SSRTREs, some of which have intermittently open/closed mouths, and that they
could be grouped in the following four sub-types (further details in Appendix B):

A W DN =

* Type 1: Short length, low flow SSRTREs: <1 km long, beach located, low freshwater inflows (<1 m?® s-1),
mouth sometimes restricted/closed;

* Type 2: Moderate length, low flow SSRTREs: 1-3 km long, low freshwater inflows (<2 m?® s-'), mouth some-
times restricted/closed;

* Type 3: Long length, moderate flow SSRTRESs: 3-12 km long, moderate freshwater inflows (4-6 m3 s-),
mouth always open;

* Type 4: Long length, high flow SSRTRESs: 3-12 km long, high freshwater inflows (7-220 m® s-'), mouth
always open.

Because freshwater inflow is considered a stronger determinant of an estuary’s vulnerability to
catchment sediment and nutrient loads than its length (e.g. Plew et al. 2018), the sub-typing of

estuaries was weighted towards freshwater inflow.
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Step 3: Assess Key Stressor Influence Based on Magnitude, Existing Condition and Suscep-
tibility

Eutrophication of shallow SSRTREs in NZ is a process driven by the enrichment of water by nutrients,
especially compounds of nitrogen (N) and, to a lesser extent, phosphorus (P), whereas sedimentation
is a process driven by the enrichment of water by sediments, especially fine sediments (i.e. muds).
Because fine sediments often contain elevated nutrients, the two issues of eutrophication and sedi-
mentation are generally interlinked. Catchment inputs are the primary source of nutrients and fine sedi-
ments and, if individually present in excess, they result in ecological degradation, which is exacerbated
when they occur together (e.g. muddy, nutrient-rich sediments leads to lower pore water exchange, in-
creased sediment bound nutrients, increased organic matter, reduced sediment oxygenation, elevated
toxic sulphide levels; e.g. Robertson 2018). In this section, the likely influence of the key stressors of
nutrients and fine sediment on the ecological condition of Taranaki Region estuaries is assessed as

follows (and includes the use of detailed estuary data presented in Appendices B and C):

Susceptibility to
Eutrophication

Current
Eutrophication
Condition

Susceptibility to
Sedimentation
(Muddiness)

Current
Sedimentation
Condition

Determine
Overall Vulner-
ability

Based on a modification of the ETI, nutrient load thresholds for SSRTREs are recommended as follows:

1. High susceptibility SSRTREs i.e. with long periods of mouth closure or restriction (months).
Eutrophic conditions unlikely at estimated areal TN load <35 mg m-2 d*!

2. Moderate susceptibility SSRTRE i.e short periods of mouth closure or restriction (days to weeks),
or with extensive poorly flushed high value habitat i.e. estuaries with long water column residence
time. Eutrophic conditions unlikely at estimated areal TN load <100-250 mg m-2 d-!

3. Low susceptibility SSRTRE i.e mouth always open or mouth generally open with short periods of
mouth closure or restriction (days to weeks) and no significant areas of poorly flushed high value
habitat i.e. a well flushed water column. Eutrophic conditions unlikely at estimated areal TN load
<2000 mg m-? d-*

Areal N load = TN estuary load (mg N d')/estuary area (m?). For the Taranaki Region estuaries, TN

load estimates were derived using the NIWA CLUES model (Version 10.5, released June 2017) default

setting using REC2 and LCBB3 (2008/2009) land cover).

The current trophic state of the Taranaki Region estuaries was assessed using the ETI Tool 2 approach,
including recent extensions (Plew et al. under review). This approach requires data or expert opinion
for at least one primary indicator and one supporting indicator. For the Taranaki Region estuaries,
measured chlorophyll a and macroalgal cover data or expert opinion was used for the primary indicator
and redox potential for the supporting indicator to develop an ETI trophic state score (note that other
indicator data is also presented where available in order to provide additional support).

The susceptibility of estuaries to the accumulation of fine sediments is related both to the suspended
sediment input load and the physical (sediment trapping) characteristics of each estuary. Currently,
there is insufficient information to identify robust sedimentation susceptibility thresholds for NZ es-
tuaries, but for screening level purposes it is appropriate to use the Current State Sediment Load
(CSSL)/Natural State Sediment Load (NSSL) ratio as a means of identifying catchments with excessive
sediment loads. For the Taranaki Region estuaries, the chosen CSSL/NSSL ratio thresholds were as
follows: low 1-1.1, moderate 1.1-2, high 2-5, very high >5. Catchment sediment load estimates were
derived from the NIWA's CLUES model (Version 10.5, released June 2017)". The load threshold rat-
ings were then combined (using the matrix below) with ratings for the likelihood of sediment trapping
based on the assumption that high susceptibility SSRTRE estuaries are physically susceptible to fine
sediment accumulation.

'CSSL estimated using CLUES (default setting of REC2 and LCBB3 (2008/2009) land cover), NSSL
estimated by setting CLUES land cover to native forest, with a further 50% reduction applied to account
for high expected sediment retention in wetlands in the catchment under natural state (Kreiling et al.,
2013, McKergow et al. 2007, Tanner et al. 2010, Kadlec & Wallace 2009; Mitsch & Grosslink 2007, and
International BMP Database 2007 as presented in Semadeni-Davies 2009).

Current State Sediment Load (CSSL)/Natural State Sediment Load (NSSL)

Estuary Category CSSL=1to1.1x CSSL=11t02x CSSL=2to5x
CSSL > 5 x NSSL
NSSL NSSL NSSL
SSRTREs with extensive Minimal High
areas of poorly flushed S o s -
habitat usceptibility usceptibility
SoRTRES with no exten. | Minimal Minimal Minimal
habitat poorly Susceptibility Susceptibility Susceptibility

The current ETI thresholds for % estuary area dominated by soft mud substrata (i.e. sediment mud
content >25%) were used to assess the current sedimentation (or muddiness) of the Taranaki Region
estuaries as follows: low 1%, moderate 1-5%, high 5-15%, very high >15%.

This step combines the susceptibility and current condition ratings to get an overall vulnerability rat-
ing. If the estuary was assessed for condition during reasonable worst case times, then the existing
condition rating is used as the final rating. However, if there is considerable uncertainty around the
condition rating, then the more conservative susceptibility rating (or combination) is used.
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Step 4: Rate the Stressor Influence on Habitat

The influence of key stressors on the ecological condition of each listed estuarine habitat type is
rated based on the results of Steps 1-3.

Step 5: Identify and Rate Stressor Influence on Human Uses and Ecological Values

Human uses and ecological values were identified and their presence assessed using four broad
rating categories (Very Low, Low, Moderate, High) based on a UNESCO (2000) methodology.
Expert judgement is used to provide an overall rating for stressor influence on each use as follows:

1. Human Uses and Values. The information used to rate human uses and values of coastal
habitat is based on local knowledge and available information (Schedule 5B of the Proposed
Coastal Plan for Taranaki - Schedule 5B of the Proposed Coastal Plan for Taranaki “Sites of sig-
nificance to Maori and associated values”). We note that amenity values can be informed from
the results of a recent recreational water use survey carried out by TRC. The results generally
indicate that the most popular water based activity in Taranaki estuaries is swimming, and the
three next most popular activities in varying order were fishing, whitebaiting and kayaking (TRC
2019, pers. comm).

The estimated number of people involved are used to guide the rating:
* Very Low: <10 per year;
Low: 10 to 50 per year (<30 per day in summer);
* Moderate: >30 per day (may be only in summer) but <200 per day;
High: >200 per day (any time during year).

2. Ecological Values (Richness). Ecological value defines an ecosystem’s natural riches (gen-
erally interpreted as habitat diversity and biodiversity). It can be supposed that the richer and
more diversified an ecosystem is, the greater the losses will be in the event of a disruption. The
ecological richness component is divided into four subcategories; birds, vegetation, fish, and
other biota. The information used to rate the ecological value will be drawn from local knowl-
edge, available reports and information (Taranaki Regional Council 2015 - https://www.trc.govt.
nz/assets/Documents/Environment/Coast/reg-landscape-study-of-naki-coastal-enviro.pdf), and
expert opinion.

Step 6: Rate the Stressor Influence on Monitoring Indicators and Issues

Monitoring indicators that can be used to assess the influence of stressors are identified. For each,
a rating is applied based on the extent that each monitoring indicator is likely to be affected by the
stressor influence that was estimated in Step 3. Because each monitoring indicator is assigned
into an appropriate issue category, then it is straightforward to assess which issues are likely to
arise and what should be monitored. In this section, the overall stressor influence rating for each
indicator is also determined using an appropriate weighting for each stressor.

Step 7: Identify Priority Indicators for Monitoring
Combine the results of Steps 4 and 6 to determine the priority indicators for monitoring.

Step 8. Identify Overall Vulnerability, Key Issues, Monitoring Recommendations

Finally, determine overall vulnerability by combining total stressor influence, total human use rating
and total ecological values rating, identify key issues for monitoring, and make monitoring recom-
mendations based on priority monitoring indicators.
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Table 1. Main estuary categories used in susceptibility analysis

1. Shallow, Intertidal Dominated Estuaries (SIDEs)

For NZ’s dominant estuary types (i.e. shallow, short residence time (<3 days), and
predominantly intertidal, tidal lagoon estuaries and parts of other estuary types where
extensive tidal flats exist e.g. Firth of Thames, Kaipara Harbour, Freshwater Estuary
- Stewart Island), flushing is too strong for significant retention of dissolved nutrients.
Nevertheless, retention can still be sufficient to allow for retention of fine sediment and
nutrients (particularly if these are excessive), deleterious for healthy growths of sea-
grass and saltmarsh, and nuisance growths of macroalgae in at-risk habitat. In these
latter estuary types, assessment of the susceptibility to eutrophication must focus on
the quantification of at-risk habitat (generally upper estuary tidal flats), based on the
assumption that the risk of eutrophication symptoms increases as the habitat that is
vulnerable to eutrophication symptoms expands. Nitrogen has been identified as the
element most limiting to algal production in most estuaries in the temperate zone and is
therefore the preferred target for eutrophication management in these estuaries (How-
arth and Marino 2006). Susceptibility to Nutrient Loads: Moderate to High; Major
Primary Producers: Macroalgae.

Freshwater Estuary (Stewart
Island): high susceptibility
pristine estuary

2. Shallow, Short Residence Time Tidal River, and Tidal River with Adjoining Lagoon, Estuaries (SSRTREs)

NZ also has a number of shallow, short residence time (<3 days) tidal river estuaries
(including those that exit via a very well-flushed small lagoon) that have such a large
flushing potential (freshwater inflow/estuary volume ratio >0.16) that the majority of fine
sediment and nutrients are exported to the sea. Tidal Rivers with mouth restrictions
or closure periods of days rather than months and high freshwater inflows (e.g. Lake
Onoke) can also fit in this category. In general, these estuary types have extremely
low susceptibilities and can often tolerate nutrient loads an order of magnitude greater
than shallow, intertidal dominated estuaries. These shallow estuary types are gener-
ally N limited. Susceptibility to Nutrient Loads: Low to Very Low; Major Primary
Producers: Macroalgae, but low production, especially if freshwater inflow high.

3. Deeper, Subtidal Dominated, Estuaries (DSDEs)

Mainly subtidal, moderately deep (>3 m to 15 m mean depth) coastal embayments (e.g.
Firth of Thames) and tidal lagoon estuaries (e.g. Otago Harbour) with moderate resi-
dence times >7 to 60 days, can exhibit both sustained phytoplankton blooms, and nui-
sance growths of opportunistic macroalgae (especially Ulva spp. and Gracilaria spp.)
if nutrient loads are excessive. The latter are usually evident particularly on muddy
intertidal flats near river mouths and in the water column where water clarity allows.
Deeper, long residence time embayments and fiords are primarily phytoplankton domi-
nated if nutrient loads are excessive. Outer reaches of such systems which sustain
vertical density stratification can be susceptible to oxygen depletion and low pH effects
(Sunda and Cai 2012, Zeldis et al. 2015). In both cases, it is expected that the US AS-
SETS approach will adequately predict their trophic state susceptibility. These deeper
estuary types are generally N limited. Susceptibility to Nutrient Loads: Moderate to
Low; Major Primary Producers: Macroalgae (moderately deep) and phytoplank-
ton (deeper sections).

4. Intermittently Closed/Open Estuaries (SIDEs and SSRTRESs)

Shallow tidal lagoon and tidal river type estuaries (<3 m deep) that experience peri-
odical mouth closure or constriction have the highest susceptibility to nutrient reten-
tion and eutrophication, with the most susceptible being those with closure periods of
months (e.g. Waituna Lagoon, Southland) rather than days (e.g. Lake Onoke, Welling-
ton). In general, the tidal rivers have shorter periods of mouth closure (unless they are
very small) than the more buffered tidal lagoons. The high susceptibility arises from
reduced dilution (absence of tidal exchange at times) and increased retention (through
both enhanced plant uptake and sediment deposition). Excessive phytoplankton and
macroalgal growths and reduced macrophyte growth are characteristic symptoms of
eutrophication in mouth restricted or closed estuaries. In such situations, which vary
between marine and close to freshwater salinities, a co-limiting situation between N
and P is expected, and as a consequence nutrient load/estuary response relationships
should consider both N and P. Susceptibility to Nutrient Loads: Very High; Major
Primary Producers: Both Macroalgae and Phytoplankton.
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Waimatuku Estuary (Southland)

Pelorus Sound (Marlborough)

Waituna Lagoon (Southland):
high susceptibility intermit-
tently open/closed estuary
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3 Results and Discussion

Condition
Rating (2019)

Mohakatino Estuary Issue  Susceptibility

Sedimentation Mod-High -

The Mohakatino Estuary is a long length, shallow tidal river estuary whose mouth is predomi-
nantly open. It has a moderate freshwater inflow and is located ~3 km south of Mokau. Intertidal
sediments are characterised by soft muds (4.6 ha, 34% unvegetated intertidal area) and sands
and include some relatively sparse saltmarsh dominated by rushland (Apodasmia similis - Jointed
wirerush, Juncus krausii - Searush, Plagianthus divaricatus - Saltmarsh ribbonwood) and to a
lesser extent sedgeland (Scheonoplectus pungens - Three-square) and herbfield (Sarcocornia
quinqueflora - Glasswort) vegetation limited to the mid-upper reaches. The estuary catchment
is dominated by mixed native forest, and includes exotic forest and sheep and beef farming (see
summary information overleaf).

Human use, ecological and cultural values: Recognised as a “Key Native Ecosystem” (KNE)
with good access, the estuary is valued for its spiritual and aesthetic appeal, bathing, biodiversity,
food harvesting and mahinga kai. The estuary is significant to Ngati Tama as it is here where the
Tokomaru waka landed. The river was abundant with tuna, Tnanga, and mataitai especially kutae
(mussel) which was gathered at the mouth and the surrounding coastal reefs. Ecologically, habitat
diversity is moderate-high with some of its intertidal vegetation, saltmarsh (in this case rushland,
and some sedgeland and herbfield) intact, and contains breeding areas for native fish and supports
whitebait, flounder and shellfish. However, there is no high-value seagrass (intertidal or subtidal)
habitat and much of the natural vegetated margin has been lost and is now developed for grazing
and roading infrastructure.

Eutrophication status: The estuary is moderately (NZ ETI Tool 1, Band B) susceptible to mac-
roalgal-based eutrophication at times based on (1) its relatively high proportion (>40%) of intertidal
habitat, and (2) its relatively high nutrient load (the current estimated N areal loading of 457.5 mg
TN m=2 d' exceeds the tentative guideline for moderate susceptibility SSRTREs of ~250 mg TN
m=2d").

The 2019 field survey confirmed the absence of nuisance opportunistic macroalgae from all parts
of the estuary, resulting in an NZ ETI (Tool 2) condition rating of moderate. Their absence was
most likely related to turbidity-induced light limitation (during hightide) and/or flushing (tidal/during
flood periods). In addition, the main subtidal channel waters (surface and bottom) had an absence
of nuisance phytoplankton blooms (very low [chl a]), again reflecting light limitation and/or flushing
in that part of the system. However, on occasions during low flows when the estuary is stratified
and turbidity is low, nuisance algal/macrophyte growth may occur.

It is important to note that because mud-impacted systems are generally more susceptible to eu-
trophication impacts, nuisance growths could quickly expand and estuary conditions deteriorate
in the short-medium term, particularly if the mouth becomes constricted.

Sedimentation (muddiness) status: The estuary is rated as mod-highly vulnerable to muddiness
issues based on the fact that, although the estimated current suspended sediment load (CSSL) is <5
times the estimated natural state SS load (NSSL) and excess sediments are likely to be flushed to
the sea during high flows, the catchment is naturally erosion prone (Suspended Sediment Yield map
of sediment delivery to rivers and stream [https://www.niwa.co.nz/freshwater/management-tools/
sediment-tools/suspended-sediment-yield-estimator]) and the synoptic survey which showed that the
estuary is dominated by muddy sediments in the less well flushed mid-upper (intertidal and subtidal)
reaches. Ecologically, the overall high mud extent fits the NZ ETI Band D (very high muddiness)

condition rating.
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Figure 3. Distribution of intertidal substrata, macrophyte and saltmarsh, and water quality sampling locations, Mohakatino
Estuary, 2019. Water quality sampling involved assessment of conditions in both surface (0.2 m) and bottom (0.5 m from bottom) waters at each site.
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Mohakatino River Estuary - Summary Data

Estuary Type/Area
Intertidal/Subtidal

Mouth Status (on day of survey)
Mean Depth, Length

SSRTRE Type 3, 32.1 ha
52% intertidal
Open

2-3 m, 4 km (salt wedge extent)

-% Freshwater Inflow Mean annual 5.0 m?® s
§ Saltmarsh, Seagrass 3.3 ha saltmarsh, no seagrass
Soft Mud 4.6 ha (34% unvegetated intertidal area)
Macroalgae No intertidal macroalgae
[Chlorophyll a] (subtidal channel) Very Low**
[Dissolved oxygen] (subtidal channel) Low-Mod**
Catchment size 120.6 km?
Max Dairy Cows Permitted 0
Suspended Sediment Loading 172.6 kt yr'
% Total Nitrogen Loading 53.6 tyr' (457.5 mg TN m2d")
:(CEg Total Phosphorus Loading 20.3 tyr!
]
O

Dominant Landuse

80% native forest, 0.4% exotic forest, 0%

dairy, 19% sheep/beef.

Alluvial 7%, mudstone 6%, massive sand-

Dominant Toprock Geology stone 87%

*Estimated mean flow at river mouth from NIWA’s NZ River Maps software tool.
**NZ ETI (Tool 2) condition bandings based on discrete (bottom and surface) water quality samples obtained from 2
representative subtidal channel sites (see locations in Figure 3). Sampled values in Appendix B.

Monitoring and Investigations

For “moderate-length (mouth sometimes closed or restricted) SSRTREs” with very significant
intertidal and subtidal habitat characterised by extensive poorly flush/muddy substrata, moderate-
high nutrient/sediment loads and high human use and cultural/ecological values, it is recommend-
ed that both broad scale habitat mapping and fine scale monitoring be undertaken on a long-term
basis to assess trends in estuary ecological condition using the National Estuary Monitoring Pro-
tocol (Robertson et al. 2002), plus subsequent improvements (Robertson 2018; Plew et al. under
review). Outputs should be compared against relevant national standards (i.e. NZ ETI; Robertson
et al. 2016a,b) to gauge overall estuary condition. In addition, sedimentation plates, which, over
the long-term, will help provide an indicative measure of the rate of sedimentation in the estuary,
should be deployed and monitored annually as per Hunt (2019).

Broad scale habitat mapping documents the key habitats within the estuary, and changes to these
habitats over time. It is typically repeated at 5-yearly intervals. Fine scale monitoring measures the
condition of the high susceptibility intertidal and subtidal habitat through physical, chemical and
biological indicators. It is undertaken once annually for three consecutive years during the period
Nov-March (usually at 2 intertidal and 3-4 subtidal sites), and thereafter at 5-yearly intervals. Both
components have not yet been measured in this estuary.
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Condition
Rating (2019)

Sedimentation Mod-High -

Tongaporutu Estuary Issue  Susceptibility

Eutrophication High

The Tongaporutu Estuary, one of the few places where indigenous coastal forest adjoins the
coastal marine area, is a long length, predominantly shallow, often poorly-flushed tidal river estu-
ary whose mouth is predominantly open. It has a high freshwater inflow and is located close to the
settlement of Tongaporutu, 15 km south of Mokau. Sediments are dominated by coarse/muddy
sands in the expansive intertidal flats in lower estuary, but soft muds (7.8 ha, 23% non-vegetated
intertidal flats) dominate the mid-upper estuary channel margins. Mid-estuary saltmarsh com-
prises Apodasmia similis (Jointed wirerush), Juncus krausii (Searush) and Plagianthus divaricatus
(Saltmarsh ribbonwood). The estuary mouth is mostly open to the sea but may become restricted
during periods of lowflow, limiting tidal mixing, and consequently the estuary waters can become
brackish. The estuary catchment is mixed native forest (highly dominant, 82%), exotic forest, sheep
and beef farming (see summary information overleaf).

Human use, ecological and cultural values: Recognised as a “Key Native Ecosystem” (KNE)
with good access, the Tongaporutu Estuary is valued for its spiritual/aesthetic appeal, bathing,
biodiversity, food harvesting and mahinga kai. It is also significant for Ngati Tama with a number
of pa sites along its river banks. This estuary channel was abundant with fish and mataitai was
gathered form the mouth and the surrounding reefs. Ecologically, habitat diversity is moderate-
high with some of its intertidal vegetation, saltmarsh (in this case rushland and to a much lesser ex-
tent herbfield) intact. The estuary also contains important breeding areas for native fish as well as
abundant shellfish with high species diversity. However, there is no high-value seagrass (intertidal
or subtidal) habitat and much of the natural vegetated margin has been lost and is now developed
for grazing and a small area of urban use.

Eutrophication status: The estuary is highly (NZ ETI Tool 1, Band C) susceptible to macroalgal-
based eutrophication at times based on (1) its relatively high proportion (>40%) of intertidal habitat,
and (2) its moderate nutrient load (the current estimated N areal loading of 630 mg TN m2 d-' does
not exceed the tentative guideline for low susceptibility SSRTREs of ~2,000 mg TN m-2d™").

Despite the high rating, the 2019 field survey showed minimal signs of nuisance opportunistic mac-
roalgal growth, resulting in an NZ ETI (Tool 2) condition rating of moderate. Their low incidence
was most likely related to turbidity-induced light limitation (during hightide) and flushing during
flood periods. Synoptic (one-off) sampling of the main subtidal channel waters (surface and bot-
tom), indicated an absence of nuisance phytoplankton blooms (very low [chl a]), again reflecting
light limitation and/or flushing in that part of the system. However, on occasions during low flows
when the estuary is stratified and turbidity is low, nuisance algal/macrophyte growth may occur.

In addition, such a mud-impacted estuary (in this case in its mid-upper reaches) generally is
more susceptible to eutrophication impacts, so the present survey results must be viewed in that
context, and the potential for rapid ecological decline accounted for in any long-term monitoring
programme.

Sedimentation (muddiness) status: The estuary is rated as highly vulnerable to muddiness is-
sues based on the fact that, although the estimated current suspended sediment load (CSSL) is <5
times the estimated natural state SS load (NSSL) and excess sediments are likely to be flushed to
the sea during high flows, the catchment is naturally erosion prone (Suspended Sediment Yield map
of sediment delivery to rivers and stream [NIWA]) and the synoptic survey showed that the estuary is
dominated by muddy sediments in the less well flushed mid-upper (intertidal and subtidal) reaches.
Ecologically, the overall high extent fits the NZ ETI Band D (very high) condition rating.
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Tongaporutu River Estuary, 2019
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Figure 4. Distribution of intertidal substrata, macrophyte and saltmarsh, and water qual-

ity sites, Tongaporutu Estuary, 2019. Water quality sampling involved assessment of conditions in both
surface (0.2 m) and bottom (0.5 m from bottom) waters at each site
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Tongaporutu Estuary - Summary Data

Estuary Type/Area
Intertidal/Subtidal

Mouth Status (on day of survey)
Mean Depth, Length

SSRTRE Type 4, 58.2 ha
63% intertidal
Open

1-2 m, 6 km (salt wedge extent)

-% Freshwater Inflow Mean annual 9.3 m?® s
§ Saltmarsh, Seagrass 2.8 ha saltmarsh, no seagrass
Soft Mud 7.8 ha (23% unvegetated intertidal area)
Macroalgae No intertidal macroalgae
[Chilorophyll a] (subtidal channel) Very Low**
[Dissolved oxygen] (subtidal channel) Low™*
Catchment size 270.4 km?
Max Dairy Cows Permitted 665
Suspended Sediment Loading 362.4 kt yr'
% Total Nitrogen Loading 133.9tyr' (630 mg TN m2d™)
ng Total Phosphorus Loading 481 t yr!
©
O

82% native forest, 2% exotic forest, 0% dairy,

Dominant Landuse 16% sheep/beef.

Alluvial 3%, massive mudstone 12%, peat 2%,

Dominant Toprock Geology massive sandstone 85%.

*Estimated mean flow at river mouth from NIWA’s NZ River Maps software tool.
**NZ ETI (Tool 2) condition bandings based on discrete (bottom and surface) water quality samples obtained from 3
representative subtidal channel sites (see locations in Figure 4). Sampled values in Appendix B.

Monitoring and Investigations

For “long-length (mouth sometimes closed or restricted) SSRTREs” with significant intertidal and
subtidal habitat comprising poorly flushed/muddy substrata, moderate-high nutrient/sediment
loads and high human use and cultural/ecological values, it is recommended that both broad scale
habitat mapping and fine scale monitoring be undertaken on a long-term basis to assess trends
in estuary ecological condition using the National Estuary Monitoring Protocol (Robertson et al.
2002), plus subsequent improvements (Robertson 2018). Outputs should be compared against
relevant national standards (i.e. NZ ETI; Robertson et al. 2016a,b). In addition, sedimentation
plates, which, over the long-term, will help provide an indicative measure of the rate of sedimenta-
tion in the estuary, should be deployed and monitored annually as per Hunt (2019).

Broad scale habitat mapping documents the key habitats within the estuary, and changes to these
habitats over time. It is typically repeated at 5-yearly intervals. Fine scale monitoring measures the
condition of the high susceptibility intertidal and subtidal habitat through physical, chemical and
biological indicators. It is undertaken once annually for three consecutive years during the period
Nov-March (usually at 2 intertidal and 3-4 subtidal sites), and thereafter at 5-yearly intervals. Both
components have not yet been measured in this estuary.
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Condition
Rating (2019)

Mimi Estuary Issue  Susceptibility

Sedimentation Mod-High

The Mimi Estuary is a relatively small, long, shallow, moderately-highly flushed tidal river estuary
(SSRTRE) that has a moderate-high freshwater inflow, extends approximately 3 km inland, and is
located approximately 25 km northeast of Urenui. The estuary mouth is mostly open to the sea, but
at times it migrates and can be semi-restricted, which means the estuary is often brackish.

Sediments are dominated by muds and sands in the middle to upper estuary and sands in the
lower reaches. The middle estuary includes several small pockets of saltmarsh including Juncus
krausii (Searush) and Apodasmia similis (Jointed wirerush) and to a much lesser extent reedland
(Typha orientalis, Raupo) and herbfield (Triglochin striata, Arrow-grass) vegetation.

The estuary catchment is mixed native forest, exotic forest (including consented forestry), dairy
and sheep and beef farming (see summary information below).

Human use, ecological and cultural values: The estuary is recognised as an important nursery
area for marine and freshwater fish (including diverse and regionally distinctive native species) and
birds (e.g. the ‘“Threatened (Nationally Vulnerable) Northern New Zealand dotterel (Charadrius ob-
scurus aquilonius), Caspian tern (Hydroprogne caspia) and red-billed gull (Larus novaehollandiae
scopulinus). With a high degree of natural character, it is considered a “Key Native Ecosystem”
(KNE), and habitat diversity is moderate with some of its intertidal saltmarsh intact, although there
is no high-value seagrass (intertidal or subtidal) habitat and much of the natural vegetated margin
has been lost and is now developed primarily for grazing. The full name of this estuary is Mimitan-
giatua, and it is significant to Ngati Mutunga for many reasons. Historically, the river has been used
for food gathering and there are a number of pa and kainga located along its banks. Human activity
is minimal associated with low key recreation use, and the visiting experience maintains a sense of
remoteness and high scenic associations.

Eutrophication status: The estuary is ‘very highly’ (NZ ETI Tool 1, Band D) susceptible to mac-
roalgal-based eutrophication at times based on:

1. its relatively high proportion of intertidal habitat (>40%); and,

2. its high nutrient load (the current estimated N areal loading of 2,429 mg TN m2 d"' exceeds
the tentative guideline for moderate susceptibility SSRTREs of ~250 mg TN m=2d”).

In terms of current conditions, the field survey (2019) showed an absence of nuisance opportunistic
macroalgae, fitting the ‘moderate’ (NZ ETI Tool 2, Band B) condition category. Their low incidence
was most likely related to turbidity-induced light limitation (during hightide) and flushing during flood
periods.

Synoptic (one-off) sampling of the main subtidal channel waters (surface and bottom) showed no
signs of nuisance phytoplankton blooms (very low [chl a]), with light limitation and/or flushing in that
part of the system the most plausible explanation. However, on occasions during low flows when
the estuary is stratified and turbidity is low, nuisance algal/macrophyte growth may occur.

Sedimentation (muddiness) status: The estuary is rated as moderate-highly vulnerable to muddi-
ness issues based on the facts that, while the estimated current suspended sediment load (CSSL) is
<5 times the estimated natural state SS load (NSSL), and excess sediments are likely to be flushed to
the sea during high flows, the catchment is naturally erosion prone (Suspended Sediment Yield map
of sediment delivery to rivers and stream [NIWA]) and the synoptic survey showed that the estuary is
impacted by muddy sediments (26% intertidal area) in the less well flushed mid-upper (intertidal and
subtidal) reaches. Ecologically, the overall relatively high mud extent fits the NZ ETI Band D (very
high) condition rating.
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Figure 5. Distribution of intertidal substrata, macrophyte and saltmarsh, and water quality sampling locations, Mimi River Es-
tuary, 2019. Water quality sampling involved assessment of conditions in both surface (0.2 m) and bottom (0.5 m from bottom) waters at each site.
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Mimi Estuary - Summary Data

Estuary Type/Area
Intertidal/Subtidal
Mouth Status (on day of survey)

Mean Depth, Length

SSRTRE Type 2, 10.3 ha
49% intertidal
Open
0.5-1.0 m, ~2 km (salt wedge extent)

-% Freshwater Inflow Mean annual 3.6 m?® s
é Saltmarsh, Seagrass 0.9 ha saltmarsh, No intertidal seagrass
Soft Mud 1.2 ha (26% intertidal area)
Macroalgae No intertidal macroalgae
[Chilorophyll a] (subtidal channel) Very Low**
[Dissolved oxygen] (subtidal channel) Low-Moderate**
Catchment size 133.4 km?
Max Dairy Cows Permitted 1735
Suspended Sediment Loading 186.1 kt yr'
g Total Nitrogen Loading 91.3 tyr' (2,429 mg TN m2d")
ng Total Phosphorus Loading 42.7 tyr'
]
O

. Native forest 56%, Exotic forest 4%, Dairy 7%,
Dominant Landuse Sheepl/beef 32%.
Alluvial 9%, Massive mudstone 20%, Ash
(older than Taupo ash) 22%, Massive sand-
stone 50%.

Dominant Toprock Geology

*Estimated mean flow at river mouth from NIWA’s NZ River Maps software tool.
**NZ ETI (Tool 2) condition bandings based on discrete (bottom and surface) water quality samples obtained from 3
representative subtidal channel sites (see locations in Figure 5). Sampled values in Appendix B.

Monitoring and Investigations

For “moderate-length (mouth sometimes closed or restricted) SSRTRESs” with significant intertidal
and subtidal habitat comprising relatively extensive poorly flushed/muddy substrata, moderate-
high nutrient/sediment loads and high human use and very high cultural/ecological values, it is
recommended that both broad scale habitat mapping and fine scale (intertidal and subtidal) moni-
toring be undertaken on a long-term basis to assess trends in estuary ecological condition using
the National Estuary Monitoring Protocol (Robertson et al. 2002), plus subsequent improvements
(Robertson 2018; Robertson and Robertson 2018). Outputs should be compared against rel-
evant national standards (i.e. NZ ETI; Robertson et al. 2016a,b). In addition, sedimentation plates,
which, over the long-term, will help provide an indicative measure of the rate of sedimentation in
the estuary, should be deployed and monitored annually as per Hunt (2019).

Broad scale habitat mapping documents the key habitats within the estuary, and changes to these
habitats over time. It is typically repeated at 5-yearly intervals. Fine scale monitoring measures the
condition of the high susceptibility intertidal and subtidal habitat through physical, chemical and
biological indicators. It is undertaken once annually for three consecutive years during the period
Nov-March (usually at 2 intertidal and 3-4 subtidal sites), and thereafter at 5-yearly intervals. Both

components have not yet been measured in this estuary.
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Urenui Estuary Issue  Susceptibility R;ﬁ]r;dztzlgqg)

Sedimentation Mod-High -

The Urenui Estuary is a moderate length, shallow, often poorly-flushed tidal river estuary. It has
a moderate freshwater inflow and is located at Urenui township. Intertidally, sediments are char-
acterised by soft muds (5.7 ha, 39.2% non-vegetated intertidal flats) and sands and include a sig-
nificant area of high tide saltmarsh dominated by Juncus krausii (Searush) and Apodasmia similis
(Jointed wirerush) and to a lesser extent herbfield (Triglochin striata, Arrow-grass) vegetation. The
middle estuary also comprises a small band of variably sized mangrove (Avicennia marina var.
resinfera) shrubs, the distribution of which appears to be expanding towards the main channel.
The estuary mouth is mostly open to the sea but may become restricted during periods of low-
flow, limiting tidal mixing, and consequently the estuary waters can become brackish. The estuary
catchment is mixed native forest, exotic forest (including consented forestry), dairy and sheep and
beef farming (see summary information overleaf).

Human use, ecological and cultural values: Recognised as a “Key Native Ecosystem” (KNE)
with good access, the Urenui Estuary is valued for its aesthetic appeal, bathing, biodiversity, and
food harvesting. Ecologically, habitat diversity is moderate-high with some of its intertidal vegeta-
tion, saltmarsh (in this case rushland, mangrove and herbfield) intact. However, there is no high-
value seagrass (intertidal or subtidal) habitat and much of the natural vegetated margin has been
lost and is now developed for grazing and urban use. The estuary is recognised as an important
nursery area for marine and freshwater fish and birds. Culturally, this estuary is significant to Ngati
Mutunga, with a large number of pa located along its banks. The mouth of the river provided a plen-
tiful supply of pipi, ptpu, patiki kahawai and other fish.

Eutrophication status: The estuary is very highly (NZ ETI Tool 1, Band D) susceptible to mac-
roalgal-based eutrophication at times based on (1) its relatively high proportion (>40%) of intertidal
habitat, and (2) its very high nutrient load (the current estimated N areal loading of 1102.4 mg TN
m2 d-' exceeds the tentative guideline for moderate susceptibility SSRTREs of ~250 mg TN m-2
d"). Despite the very high rating, the 2019 field survey showed very limited nuisance opportunistic
macroalgal growth, resulting in an NZ ETI (Tool 2, Band B) condition rating of moderate. Nuisance
macroalgae were present as only a single low density (20-30% cover, biomass ~100 g wet weight
m-2) patch of Ulva intestinalis in shallow margin areas of the middle estuary (i.e. the only Taranaki
Region estuary assessed with any macroalgae at all). Their low incidence was most likely related
to turbidity-induced light limitation (during hightide) and flushing during flood periods. Synoptic
(one-off) sampling of the main subtidal channel waters (surface and bottom) indicated an absence
of nuisance phytoplankton blooms (very low [chl a]), again reflecting light limitation and/or flushing
in that part of the system. However, on occasions during low flows when the estuary is stratified
and turbidity is low, nuisance algal/macrophyte growth may occur.

It is important to note that because mud-dominated systems are generally more susceptible to
eutrophication impacts, nuisance growths could quickly expand and estuary conditions deteriorate
in the short-medium term, particularly if the mouth becomes constricted.

Sedimentation (muddiness) status: The estuary is rated as highly vulnerable to muddiness is-
sues based on the fact that, although the estimated current suspended sediment load (CSSL) is <5
times the estimated natural state SS load (NSSL) and excess sediments are likely to be flushed to
the sea during high flows, the catchment is naturally erosion prone (Suspended Sediment Yield map
of sediment delivery to rivers and stream [NIWA]) and the synoptic survey showed that the estuary is
dominated by muddy sediments in the less well flushed mid-upper (intertidal and subtidal) reaches.

Ecologically, the overall high mud extent fits the NZ ETI Band D (very high) condition rating.
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Urenui River Estuary, 2019
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Figure 6. Distribution of intertidal substrata, macrophyte and saltmarsh, and water quality
sites, Urenui Estuary, 2019. Water quality sampling involved assessment of conditions in both surface (0.2
m) and bottom (0.5 m from bottom) waters at each site.
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Urenui Estuary - Summary Data

Estuary Type/Area
Intertidal/Subtidal
Mouth Status (on day of survey)

Mean Depth, Length

SSRTRE Type 3, 21.2 ha
31% subtidal
Open
0.5-1.0 m, ~3 km (salt wedge extent)

-% Freshwater Inflow Mean annual 4.4 m? s
é Saltmarsh, Seagrass 1.9 ha saltmarsh, No intertidal seagrass
Soft Mud 5.7 ha (39.2% intertidal area)
Macroalgae 0.08 ha (20-30% cover, ~100 g ww m2)
[Chlorophyll a] (subtidal channel) Very Low**
[Dissolved oxygen] (subtidal channel) Low-Moderate**
Catchment size 132.8 km?
Max Dairy Cows Permitted 745
Suspended Sediment Loading 149.4 kt yr!
g Total Nitrogen Loading 85.3tyr' (1102.4 mg TN m=2d")
ﬁ Total Phosphorus Loading 66.3 t yr'
@©
O

Native forest 66%, Exotic forest 3%, Dairy 9%,

Dominant Landuse Sheep/beef 22%.

Massive mudstone 54%, ash (older than

DIEMIMEN! SpIEel C2elEey Taupo ash) 17%, massive sandstone 24%.

*Estimated mean flow at river mouth from NIWA’s NZ River Maps software tool.
**NZ ETI (Tool 2) condition bandings based on discrete (bottom and surface) water quality samples obtained from 3
representative subtidal channel sites (see locations in Figure 6). Sampled values in Appendix B.

Monitoring and Investigations

For “moderate-length (mouth sometimes closed or restricted) SSRTREs” with very significant
intertidal and subtidal habitat characterised by extensive poorly flush/muddy substrata, moderate-
high nutrient/sediment loads and high human use and cultural/ecological values, it is recommend-
ed that both broad scale habitat mapping and fine scale monitoring be undertaken on a long-term
basis to assess trends in estuary ecological condition using the National Estuary Monitoring Pro-
tocol (Robertson et al. 2002), plus subsequent improvements (Robertson 2018). Outputs should
be compared against relevant national standards (i.e. NZ ETI; Robertson et al. 2016a,b). In addi-
tion, sedimentation plates, which, over the long-term, will help provide an indicative measure of
the rate of sedimentation in the estuary, should be deployed and monitored annually as per Hunt
(2019).

Broad scale habitat mapping documents the key habitats within the estuary, and changes to these
habitats over time. It is typically repeated at 5-yearly intervals. Fine scale monitoring measures the
condition of the high susceptibility intertidal and subtidal habitat through physical, chemical and
biological indicators. It is undertaken once annually for three consecutive years during the period
Nov-March (usually at 2 intertidal and 3-4 subtidal sites), and thereafter at 5-yearly intervals. Both

components have not yet been measured in this estuary.
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Onaero Estuary Issue  Susceptibility Rac’;[i?\r:;dzgqu)
Eutrophication Minimal -

The Onaero Estuary is a moderate length, shallow, tidal river estuary. It has a low freshwater in-
flow and is located 2 km west of the Urenui township. The main subtidal channel (10-20 m wide)
comprises 63% of the estuary, with intertidal sediments largely dominated by sands and there is a
narrow strip of saltmarsh (Cyperus ustulatus - Giant umbrella sedge) vegetation within the middle
reaches. The estuary mouth fluctuates between an open and closed state (time frame unknown),
and when restricted/closed, tidal mixing is limited and estuary waters become brackish. The estu-
ary catchment is mixed native forest, exotic forest (including consented forestry), dairy and sheep
and beef farming (see summary information overleaf).

Human use, ecological and cultural values: The estuary is valued for its spiritual/aesthetic ap-
peal, bathing, biodiversity, and food harvesting. It is significant to Ngati Mutunga, with a number of
pa located in close proximity. The mouth of the river provided a plentiful supply of pipi, plpa, patiki
kahawai and other fish. Ecologically, habitat diversity is low-moderate with a very limited area of
intertidal saltmarsh vegetation (in this case a strip of rushland) intact. There is no high-value sea-
grass (intertidal or subtidal) habitat and much of the natural vegetated margin has been lost and is
now developed primarily for grazing.

Eutrophication status: Despite its very high nutrient load (the current estimated catchment N
areal loading of 7,302.4 mg TN m2 d' exceeds the guideline for low susceptibility tidal river es-
tuaries of ~2000 mg TN m-2 d-', Robertson et al. 2016), the estuary has minimal susceptibility to
eutrophication (NZ ETI Tool 1, Band A). This is primarily because of its highly flushed nature, given
that it is predominantly strongly channelised with very few poorly flushed areas, and has adequate
freshwater inflow.

The (one-off) synoptic survey in 2019, confirmed the absence of opportunistic macroalgal and
phytoplankton blooms throughout the intertidal and subtidal estuary, but with low-moderate chlo-
rophyll a and dissolved oxygen concentrations in subtidal channel waters, an NZ ETI (Tool 2)
condition rating of ‘moderate’ (Band B) for eutrophication impacts was allocated.

We note that, while periodic (short-term) changes in eutrophic susceptibility are expected (par-
ticularly if the mouth becomes constricted), given the low degree of eutrophic symptoms on the
day of sampling when flushing was low (i.e. baseflow conditions), the low susceptibility rating is
considered appropriate.

Sedimentation (muddiness) status: Despite emptying a catchment naturally prone to erosion
(Suspended Sediment Yield map of sediment delivery to rivers and stream [NIWA]), the estuary has
moderate vulnerability to muddiness issues based on the facts that the current suspended sediment
load (CSSL) is 2-5 times the estimated natural state SS load (NSSL), but with some subtidal muds,
and the mouth may be occasionally restricted. Currently, the overall moderate mud extent fits the NZ
ETI Band B (moderate muddiness) condition rating.
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Figure 7. Distribution of intertidal substrata, macrophyte and saltmarsh, and water quality
sites, Onaero Estuary, 2019. Water quality sampling involved assessment of conditions in bottom (0.5 m from

bottom) waters only at each site.
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Onaero Estuary - Summary Data

Estuarine

Catchment

Estuary Type/Area
Intertidal/Subtidal

Mouth Status (on day of survey)
Mean Depth, Length

Freshwater Inflow

Saltmarsh, Seagrass

Soft Mud

Macroalgae

[Chlorophyll a] (subtidal channel)
[Dissolved oxygen] (subtidal channel)
Catchment size

Max Dairy Cows Permitted
Suspended Sediment Loading
Total Nitrogen Loading

Total Phosphorus Loading

Dominant Landuse

SSRTRE Type 2, 2.6 ha
63% subtidal
Closed
0.5-1 m, 1 km (salt wedge extent)
Mean annual 2.4 m3 s
0.4 ha saltmarsh, no seagrass
No intertidal soft mud
No intertidal macroalgae
Low™**
Mod-High**
89.8 km?
1085
75.1 kt yr
69.3 tyr' (7,302.4 mg TN m2d™)
36t yr!

43% native forest, 3% exotic forest, 31% dairy,

24% sheep/beef.

Alluvial 5%, ash (older than Taupo ash) 45%,

Dominant Toprock Geology | massive mudstone 38%, massive sandstone

12%.

*Estimated mean flow at river mouth from NIWA’s NZ River Maps software tool.
**NZ ETI (Tool 2) condition bandings based on discrete (bottom and surface) water quality samples obtained from 2
representative subtidal channel sites (see locations in Figure 7). Sampled values in Appendix B.

Monitoring and Investigations

The low rating for both eutrophication and sedimentation in this estuary signifies a requirement for
low frequency, screening level monitoring only.

To address the low potential for eutrophication/sedimentation issues (including both benthic and
water column effects), it is recommended that low frequency (once every 10 years), screening level
(synoptic) monitoring be undertaken to confirm that this low risk estuary has not changed its risk
rating.
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Condition

Waitara Estuary Issue  Susceptibility Rating (2019)

Sedimentation Mod-High

Eutrophication Minimal -

The Waitara Estuary, located at the coastal town of Waitara, is one of the region’s most significant
long length, shallow, well-flushed tidal river estuary whose mouth (flanked either side by man-
made boulder/rock wall) is always open. It has a very high freshwater inflow and is dominated by
a relatively wide (30-40 m) subtidal channel (73% of estuary). Intertidal habitat is characterised
by soft muds (2.7 ha, 26% unvegetated intertidal flats) and sands and include some saltmarsh
comprising rushland (Juncus kraussii - Searush, Apodasmia similis - Jointed wirerush, /solepis no-
dosa - Knobby clubrush) and to a lesser extent reedland (Typha orientalis - Raupo) and sedgeland
(Schoenoplectus pungens - Three-square) vegetation. The estuary catchment is dominated by
native forest, dairy and sheep/beef farming and exotic forest (including consented forestry) - see
further summary information overleaf.

Human use, ecological and cultural values: With its good access and close proximity to the
Waitara township, the estuary is valued for its aesthetic/spiritual appeal, bathing, biodiversity,
and food harvesting. It is significant to Te Atiawa as it was one of the first areas to be settled in
Aotearoa. The river provided an abundance of fish, Tnanga, tuna/eel, piharau, kahawai, yellow
eyed mullet, flounder, herrings, kdkopu, weka, pukeko and ducks. Ecologically, habitat diversity is
moderate with some of its regionally significant intertidal vegetation (in this case rushland) intact.
However, there is no high-value seagrass (intertidal or subtidal) habitat and much of the natural
vegetated margin has been lost and is now developed for grazing, flood protection and urban use.

Eutrophication status: Despite its very high nutrient load (the current estimated catchment N ar-
eal loading of 9,807 mg TN m2 d-' exceeds the guideline for low susceptibility tidal river estuaries
of ~2000 mg TN m2 d', Robertson et al. 2016), the estuary has minimal susceptibility to eutrophi-
cation. This is primarily because of its highly flushed nature, given that it is predominantly strongly
channelised with very few poorly flushed areas, has high freshwater inflow, is strongly affected by
tidal currents. The overall eutrophic susceptibility of the estuary is minimal (NZ ETI Tool 1, Band
A).

The synoptic survey in 2019 indicated a general absence of primary symptoms (i.e. no opportunis-
tic macroalgal and phytoplankton blooms) from all areas of the estuary and generally clear waters
in the lower and middle estuary, resulting in an NZ ETI (Tool 2) Band B (moderate eutrophication)
condition rating.

However, it is important to note that such mud-impacted estuaries generally are more susceptible
to eutrophication impacts, so the present survey results must be viewed in that context, and the
potential for rapid ecological decline accounted for in any long-term monitoring programme.

Sedimentation (muddiness) status: The estuary is rated as moderate-highly vulnerable to muddi-
ness issues based on the fact that, although the estimated current suspended sediment load (CSSL)
is <5 times the estimated natural state SS load (NSSL) and excess sediments are likely to be flushed
to the sea during high flows, the catchment is naturally erosion prone (Suspended Sediment Yield
map of sediment delivery to rivers and stream [NIWA]) and the synoptic survey showed that the
estuary is impacted by muddy sediments in the less well flushed mid-lower (intertidal and subtidal)
reaches. Ecologically, the overall high proportion of muds in 2019, possibly a result of recent flood
activity, fits the NZ ETI Band D (very high) condition rating.
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Figure 8. Distribution of intertidal substrata, macrophyte and saltmarsh, and water quality
sites, Waitara Estuary, 2019. Water quality sampling involved assessment of conditions in both surface (0.2
m) and bottom (0.5 m from bottom) waters at each site.
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Waitara Estuary - Summary Data

Estuary Type/Area
Intertidal/Subtidal

Mouth Status (on day of survey)
Mean Depth, Length

SSRTRE Type 4, 56.7 ha
73% subtidal
Open

2-3 m, 5 km (salt wedge extent)

-% Freshwater Inflow Mean annual 57.3 m?® s
ﬁ Saltmarsh, Seagrass 4.6 ha saltmarsh, no seagrass
Soft Mud 2.7 ha (26% unvegetated intertidal area)
Macroalgae No intertidal macroalgae
[Chlorophyll a] (subtidal channel) Very Low**
[Dissolved oxygen] (subtidal channel) Very Low-Low**
Catchment size 1135.7 km?
Max Dairy Cows Permitted 51,515
Suspended Sediment Loading 1109 kt yr’
g Total Nitrogen Loading 2030 t yr' (9,807 mg TN m2d)
:Fi Total Phosphorus Loading 272.4 tyr!
©
O

38% native forest, 5% exotic forest, 30% dairy,

Dominant Landuse 26% sheep/beef.

Alluvial 2%, mudstone 2%, massive mudstone
Dominant Toprock Geology | 2%, ash (older than Taupo ash) 46%, massive
sandstone 42%.

*Mean flow measured at Waitara at Bertrand Rd, and includes Motukawa HEP (consented to take max 5,650 | s, but
can discharge up to 7,787 | s') and 2x Methanex Consents.

**NZ ETI (Tool 2) condition bandings based on discrete (bottom and surface) water quality samples obtained from 3
representative subtidal channel sites (see locations in Figure 8). Sampled values in Appendix B.

Monitoring and Investigations

For “long-length (mouth sometimes closed or restricted) SSRTRESs” with significant areas of in-
tertidal and subtidal habitat comprising poorly flushed/muddy substrata, moderate-high nutrient/
sediment loads and high human use and cultural/ecological values, it is recommended that both
broad scale habitat mapping and fine scale monitoring be undertaken on a long-term basis to
assess trends in estuary ecological condition using the National Estuary Monitoring Protocol
(Robertson et al. 2002), plus subsequent improvements (Robertson 2018). Outputs should be
compared against relevant national standards (i.e. NZ ETI; Robertson et al. 2016a,b). In addition,
sedimentation plates, which, over the long-term, will help provide an indicative measure of the rate
of sedimentation in the estuary, should be deployed and monitored annually as per Hunt (2019).

Broad scale habitat mapping documents the key habitats within the estuary, and changes to these
habitats over time. It is typically repeated at 5-yearly intervals. Fine scale monitoring measures the
condition of the high susceptibility intertidal and subtidal habitat through physical, chemical and
biological indicators. It is undertaken once annually for three consecutive years during the period
Nov-March (usually at 2 intertidal and 3-4 subtidal sites), and thereafter at 5-yearly intervals. Both

components have not yet been measured in this estuary.
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Waiongana Estuary Issue  Susceptibility R;ﬁ]r;dgg?g)
Eutrophication Minimal Minimal

The Waiongana Estuary is a moderate length, shallow, often poorly-flushed tidal river estuary
whose mouth is predominantly open. It has a moderate freshwater inflow and is located directly
northeast of New Plymouth Airport. Intertidal sediments are sand and cobble dominated and in-
clude limited saltmarsh (Schoenoplectus pungens - Three-square, Cyperus ustulatus - Giant um-
brella sedge) vegetation. The estuary mouth is mostly open to the sea but may become restricted
during periods of lowflow, limiting tidal mixing, and consequently the estuary waters can become
brackish. The estuary catchment is predominantly dairy farming but includes some mixed native
forest and exotic forest (see summary information overleaf).

Human use, ecological and cultural values: The estuary is valued for its aesthetic and spiritual
appeal, bathing and biodiversity. It is significant to Te Atiawa, with various foods and resources
historically gathered from the river itself, its banks and the coastal reefs at the river mouth. Eco-
logically, habitat diversity is low-moderate with very little intertidal vegetation, saltmarsh (in this
case a small pocket of rushland) intact, and the estuary contains significant habitat for native and
migratory birds. There is no high-value seagrass (intertidal or subtidal) habitat and much of the
natural vegetated margin has been lost and is now developed primarily for grazing.

Eutrophication status: Despite its very high nutrient load (the current estimated catchment N
areal loading of 16,955 mg TN m2 d! exceeds the guideline for low susceptibility tidal river es-
tuaries of ~2,000 mg TN m2 d', Robertson et al. 2016), the estuary has minimal susceptibility to
eutrophication (NZ ETI Tool 1, Band A). This is primarily because of its highly flushed nature, given
that it is predominantly strongly channelised with very few poorly flushed areas, and has adequate
freshwater inflow.

The (one-off) synoptic survey in 2019, confirmed the absence of opportunistic macroalgal and
phytoplankton blooms throughout the intertidal and subtidal estuary. The absence of primary eu-
trophication symptoms placed the estuary in very good (NZ ETI, Tool 2, Band A) condition with
regard to eutrophication impacts.

We note that, while periodic (short-term) changes in eutrophic susceptibility are expected (particu-
larly if the mouth becomes constricted), given the complete absence of eutrophic symptoms on
the day of sampling when flushing was low (i.e. baseflow conditions), the low susceptibility rating
is considered appropriate.

Sedimentation (muddiness) status: The estuary has moderate vulnerability to muddiness issues
based on the facts that the current suspended sediment load (CSSL) is <5 times the estimated natu-
ral state SS load (NSSL), the estuary is dominated by sands, but the mouth may be occasionally
restricted. Ecologically, the overall moderate mud content fits the NZ ETI Band B (moderate mud-
diness) condition rating.
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Figure 9. Distribution of intertidal substrata, macrophyte and saltmarsh, and water quality
sites, Waiongana Estuary, 2019. Water quality sampling involved assessment of conditions in both surface
(0.2 m) and bottom (0.5 m from bottom) waters at each site.
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Waiongana Estuary - Summary Data

Estuary Type/Area
Intertidal/Subtidal

Mouth Status (on day of survey)
Mean Depth, Length
Freshwater Inflow

Saltmarsh, Seagrass

Estuarine

Soft Mud

Macroalgae

[Chlorophyll a] (subtidal channel)
[Dissolved oxygen] (subtidal channel)
Catchment size

Max Dairy Cows Permitted
Suspended Sediment Loading

Total Nitrogen Loading

Total Phosphorus Loading

Catchment

Dominant Landuse

Dominant Toprock Geology

SSRTRE Type 2, 9 ha
53% intertidal
Open
0.5-1 m, 2 km (salt wedge extent)
Mean annual 4.8 m?® s
0.1 ha saltmarsh, no seagrass
0.1 ha (2% unvegetated intertidal area)
No intertidal macroalgae
Very Low**
Low-Mod**
158.8 km?
20,930
16 kt yr'
557 tyr' (16,955 mg TN m2d™)
129 tyr'

5% native forest, 4% exotic forest, 88% dairy,

0% sheep/beef.

Mudstone 96%, peat 1%.

*Mean flow based on combined flow from two recorder sites (Waiongana at SH3A and Mangaoraka at Corbett Rd.
**NZ ETI (Tool 2) condition bandings based on discrete (bottom and surface) water quality samples obtained from 2
representative subtidal channel sites (see locations in Figure 9). Sampled values in Appendix B.

Monitoring and Investigations

The low rating for both eutrophication and sedimentation in this estuary signifies a requirement for

low frequency, screening level monitoring only.

To address the low potential for eutrophication/sedimentation issues (including both benthic and
water column effects), it is recommended that low frequency (once every 10 years), screening level
(synoptic) monitoring be undertaken to confirm that this low risk estuary has not changed its risk

rating.
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Waiwhakaiho Estuary Issue  Susceptibility R;g;dggqg)
Eutrophication Minimal Minimal

The Waiwhakaiho Estuary is a moderate length, shallow, tidal river estuary that extends from the
sea to approximately 1 km inland. It has a high freshwater inflow and is located close to the New
Plymouth suburb of Fitzroy. Intertidal sediments are cobble-dominated with some sands at the
mouth, and include areas of saltmarsh (Juncus kraussii - Searush, Cytisus scoparius - Broom,
Baumea juncea - Bare twig rush, Typha orientalis - Raupo) vegetation confined to several physi-
cally constricted zones of the estuary. The estuary mouth is mostly open to the sea, and is flanked
to the south by man-made boulder wall. The estuary catchment is predominantly dairy farming and
mixed native forest but includes some exotic forest (see summary information overleaf), and has
been subject to recent significant flood activity.

Human use, ecological and cultural values: Culturally, the estuary provided various resources
for the people of Te Atiawa. Ecologically, habitat diversity is low-moderate with some of its intertidal
vegetation, saltmarsh (in this case small pockets of rushland) intact, although there is no high-value
seagrass (intertidal or subtidal) habitat and much of the natural vegetated margin has been lost and
is now developed for grazing and urban use. The estuary is valued for its aesthetic and spiritual
appeal, bathing, biodiversity.

Eutrophication status: Despite its high nutrient load (the current estimated catchment N areal
loading of 10,408 mg TN m2 d' exceeds the guideline for low susceptibility tidal river estuaries of
~2,000 mg TN m2d, Robertson et al. 2016), the estuary has minimal susceptibility to eutrophica-
tion (NZ ETI Tool 1, Band A). This is primarily because of its highly flushed nature, given that it is
predominantly strongly channelised with very few poorly flushed areas (exposed to elevated nutri-
ents), dominated by cobble substrata rather than high susceptibility muds, and has high freshwater
inflow and is often turbid.

The (one-off) synoptic survey in 2019, confirmed the absence of opportunistic macroalgal and
phytoplankton blooms throughout the intertidal and subtidal estuary. The absence of primary eu-
trophication symptoms placed the estuary in very good (NZ ETI, Tool 2, Band A) condition with
regard to eutrophication impacts.

We note that, while periodic (short-term) changes in eutrophic susceptibility are expected (particu-
larly if the mouth becomes constricted), given the complete absence of eutrophic symptoms on
the day of sampling when flushing was low (i.e. baseflow conditions), the low susceptibility rating
is considered appropriate.

Sedimentation (muddiness) status: The estuary has moderate vulnerability to muddiness issues
based on the facts that the current suspended sediment load (CSSL) is <5 times the estimated natu-
ral state SS load (NSSL), the estuary is dominated by sands/cobbles, but muds in several small,
physically constricted regions of the lower estuary, and the mouth may be occasionally restricted.
Ecologically, the overall moderate mud content fits the NZ ETI Band B (moderate muddiness)
condition rating.
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Figure 10. Distribution of intertidal substrata, macrophyte and saltmarsh, and water quality sampling locations, Waiwhakaiho
River Estuary, 2019. Water quality sampling involved assessment of conditions in both surface (0.2m) and bottom (0.5m from bottom) waters at each site.
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Waiwhakaiho Estuary - Summary Data
Estuary Type/Area
Intertidal/Subtidal
Mouth Status (on day of survey)
Mean Depth, Length

Freshwater Inflow

Estuarine

Saltmarsh, Seagrass

Soft Mud

Macroalgae

[Chlorophyll a] (subtidal channel)
[Dissolved oxygen] (subtidal channel)
Catchment size

Max Dairy Cows Permitted
Suspended Sediment Loading

Total Nitrogen Loading

Total Phosphorus Loading

Catchment

Dominant Landuse

Dominant Toprock Geology

SSRTRE Type 4 (moderate length), 10.6 ha
61% intertidal
Open
0.5-1 m, 1.2 km (salt wedge extent)
Mean annual 12.1 m3 s
0.3 ha saltmarsh, no seagrass
0.05 ha (1% unvegetated intertidal area)
No intertidal macroalgae
Very Low**
Very Low**
145.3 km?
12,210
26 kt yr?
402.7 tyr' (10,408 mg TN m=2d-")
21 tyr!

32% native forest, 4% exotic forest, 57% dairy,
0.1% sheep/beef.

Alluvial 4%, mudstone 78%, Alluvial gravels
7%, Lahar deposits 3%, Tow 3%, Lavas &
welded ignimbrites 3%.

*Mean flow measured at Rimu St. This does not include Mangorei HEP or other discharges (e.g. to lake) below this

sampling station.

**NZ ETI (Tool 2) condition bandings based on discrete (bottom and surface) water quality samples obtained from 1
representative subtidal channel site (see location in Figure 10). Sampled values in Appendix B.

Monitoring and Investigations

The low rating for both eutrophication and sedimentation in this estuary signifies a requirement for

low frequency, screening level monitoring only.

To address the low potential for eutrophication/sedimentation issues (including both benthic and
water column effects), it is recommended that low frequency (once every 10 years), screening level
(synoptic) monitoring be undertaken to confirm that this low risk estuary has not changed its risk

rating.
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Te Henui Estuary Issue  Susceptibility R;;‘;dgg?g)
Eutrophication Minimal Minimal

The Te Henui Estuary is a short length, predominantly shallow, often poorly-flushed tidal river es-
tuary. It has a low freshwater inflow and is located in East End Reserve, New Plymouth. Intertidal
sediments in the lower estuary are characterised by coarse sand and cobble. The estuary mouth,
flanked either side by man-made rockwall, is mostly open to the sea but may become restricted
during periods of lowflow, limiting tidal mixing, and consequently the estuary waters can become
brackish. The estuary catchment is predominantly dairy farming and includes mixed native forest,
exotic forest and sheep and beef farming (see further summary information overleaf).

Human use, ecological and cultural values: The estuary is a focal part of the Te Henui Coastal
Walkway and is valued for its aesthetic and spiritual appeal, bathing and biodiversity. This river
mouth is a culturally significant site for Te Atiawa. Ecologically, habitat diversity is relatively low
with no estuarine vegetation intact, largely due to its heavily modified (hardened for flood/storm
surge protection) and naturally steep margins. There is no high-value seagrass (intertidal or sub-
tidal) habitat and much of the natural vegetated margin has been lost and is now developed for
recreation/urban use.

Eutrophication status: Despite its very high nutrient load (the current estimated catchment N
areal loading of 11,732 mg TN m2 d-' exceeds the guideline for low susceptibility tidal river estu-
aries of ~2,000 mg TN m2 d-', Robertson et al. 2016), the estuary has minimal susceptibility to
eutrophication (NZ ETI Tool 1, Band A). This is primarily because of its highly flushed nature, given
that it is predominantly strongly channelised with very few poorly flushed areas, and has adequate
freshwater inflow.

The (one-off) synoptic survey in 2019, confirmed the absence of opportunistic macroalgal and
phytoplankton blooms throughout the intertidal and subtidal estuary. The absence of primary eu-
trophication symptoms placed the estuary in very good (NZ ETI, Tool 2, Band A) condition with
regard to eutrophication impacts.

We note that, while periodic (short-term) changes in eutrophic susceptibility are expected (particu-
larly if the mouth becomes constricted), given the complete absence of eutrophic symptoms on
the day of sampling when flushing was low (i.e. baseflow conditions), the low susceptibility rating
is considered appropriate.

Sedimentation (muddiness) status: The estuary has moderate vulnerability to muddiness issues
based on the facts that the current suspended sediment load (CSSL) is <5 times the estimated natu-
ral state SS load (NSSL), the estuary is dominated by intertidal sands, but with some subtidal muds,
and the mouth may be occasionally restricted. Ecologically, the overall moderate mud content fits
the NZ ETI Band B (moderate muddiness) condition rating.
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Figure 11. Distribution of intertidal substrata, macrophyte and saltmarsh, and water qual-
ity sites, Te Henui Estuary, 2019. Water quality sampling involved assessment of conditions in both surface
(0.2 m) and bottom (0.5 m from bottom) waters at lower site, but bottom (0.5 m from bottom) waters only in upper
site.
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Te Henui Estuary - Summary Data
Estuary Type/Area
Intertidal/Subtidal
Mouth Status (on day of survey)
Mean Depth, Length

Freshwater Inflow

Estuarine

Saltmarsh, Seagrass

Soft Mud

Macroalgae

[Chlorophyll a] (subtidal channel)
[Dissolved oxygen] (subtidal channel)
Catchment size

Max Dairy Cows Permitted
Suspended Sediment Loading

Total Nitrogen Loading

Total Phosphorus Loading

Catchment

Dominant Landuse

Dominant Toprock Geology

SSRTRE Type 2, 1.7 ha
51% subtidal
Open
0.5-1 m, 800 m (salt wedge extent)
Mean annual 1.2 m?® s
No saltmarsh, no seagrass
No intertidal soft mud
No intertidal macroalgae
Very Low**
Low™*
28.4 km?
1,275
3.7 kt yr'
72.8 tyr' (11,732 mg TN m2d™)
22tyr

28% native forest, 1% exotic forest, 54% dairy,

0.1% sheep/beef.

Ash (older than Taupo ash) 88%.

*Estimated mean flow at river mouth from NIWA’s NZ River Maps software tool.
**NZ ETI (Tool 2) condition bandings based on discrete (bottom and surface) water quality samples obtained from 2
representative subtidal channel sites (see locations in Figure 11). Sampled values in Appendix B.

Monitoring and Investigations

The low rating for both eutrophication and sedimentation in this estuary signifies a requirement for

low frequency, screening level monitoring only.

To address the low potential for eutrophication/sedimentation issues (including both benthic and
water column effects), it is recommended that low frequency (once every 10 years), screening level
(synoptic) monitoring be undertaken to confirm that this low risk estuary has not changed its risk

rating.
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o iti
Tapuae Estuary Issue  Susceptibility R;ﬁ]gdézlgqg)
Eutrophication Minimal Minimal

The Tapuae Estuary, which marks the boundary of the Tapuae Marine Reserve, is a short length,
shallow, often poorly-flushed tidal river estuary. It has a low freshwater inflow and is located be-
tween Oakura and New Plymouth. Intertidal habitat is sand dominated and there is a narrow band
of high tide saltmarsh (Baumea juncea - Bare twig rush) vegetation. The estuary mouth is mostly
open to the sea but may become restricted during periods of lowflow, limiting tidal mixing, and
consequently the estuary waters can become brackish. The estuary catchment is predominantly
dairy farming but includes some mixed native forest and exotic forest (see summary information
overleaf).

Human use, ecological and cultural values: The estuary is valued for its aesthetic and spiritual
appeal, bathing and biodiversity. This stream mouth is a culturally significant site for Taranaki Iwi.
Ecologically, habitat diversity is low-moderate with very little estuarine vegetation (in this case a
small pocket of rushland and grassland) intact. There is no high-value seagrass (intertidal or subtid-
al) habitat and much of the natural vegetated margin has been lost and is now developed primarily
for grazing. The adjacent Tapuae coastal marine area is of high importance as it contains a number
of significant pa and kainga, including tauranga waka and pukawa (reefs).

Eutrophication status: Despite its very high nutrient load (the current estimated catchment N
areal loading of 32,054 mg TN m2 d' exceeds the guideline for low susceptibility tidal river es-
tuaries of ~2,000 mg TN m2 d, Robertson et al. 2016), the estuary has minimal susceptibility to
eutrophication (NZ ETI Tool 1, Band A). This is primarily because of its highly flushed nature, given
that it is predominantly strongly channelised with very few poorly flushed areas, and has adequate
freshwater inflow.

The (one-off) synoptic survey in 2019, confirmed the absence of opportunistic macroalgal and
phytoplankton blooms throughout the intertidal and subtidal estuary. The absence of primary eu-
trophication symptoms placed the estuary in very good (NZ ETI, Tool 2, Band A) condition with
regard to eutrophication impacts.

We note that, while periodic (short-term) changes in eutrophic susceptibility are expected (particu-
larly if the mouth becomes constricted), given the complete absence of eutrophic symptoms on
the day of sampling when flushing was low (i.e. baseflow conditions), the low susceptibility rating
is considered appropriate.

Sedimentation (muddiness) status: The estuary has moderate vulnerability to muddiness issues
based on the facts that the current suspended sediment load (CSSL) is <5 times the estimated natu-
ral state SS load (NSSL), the estuary is dominated by intertidal sands (with limited subtidal muds), but
the mouth may be occasionally restricted. Ecologically, the overall moderate mud extent fits the NZ
ETI Band B (moderate muddiness) condition rating.
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Figure 12. Distribution of intertidal substrata, macrophyte and saltmarsh, and water qual-
ity sites, Tapuae Estuary, 2019. Water quality sampling involved assessment of conditions in both surface
(0.2 m) and bottom (0.5 m from bottom) waters at each site.
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Tapuae Estuary - Summary Data
Estuary Type/Area
Intertidal/Subtidal
Mouth Status (on day of survey)
Mean Depth, Length

Freshwater Inflow

Estuarine

Saltmarsh, Seagrass

Soft Mud

Macroalgae

[Chlorophyll a] (subtidal channel)
[Dissolved oxygen] (subtidal channel)
Catchment size

Max Dairy Cows Permitted
Suspended Sediment Loading

Total Nitrogen Loading

Total Phosphorus Loading

Catchment

Dominant Landuse

Dominant Toprock Geology

SSRTRE Type 1, 1.0 ha
56% subtidal
Open
0.5-1 m, 500 m (salt wedge extent)
Mean annual 1.2 m?® s**
0.05 ha saltmarsh, no seagrass
No intertidal soft mud
No intertidal macroalgae
Low™™
Very Low**
31.9 km?
4,095
4.1 kt yr'
117 t yr' (32,054 mg TN m2d")
2tyrt

6% native forest, 3% exotic forest, 91% dairy.

Ash (older than Taupo ash) 100%.

*Estimated mean flow at river mouth, NIWA’'s NZ River Maps software tool.
**NZ ETI (Tool 2) condition bandings based on discrete (bottom and surface) water quality samples obtained from 2
representative subtidal channel sites (see locations in Figure 12). Sampled values in Appendix B.

Monitoring and Investigations

The low rating for both eutrophication and sedimentation in this estuary signifies a requirement for

low frequency, screening level monitoring only.

To address the low potential for eutrophication/sedimentation issues (including both benthic and
water column effects), it is recommended that low frequency (once every 10 years), screening level
(synoptic) monitoring be undertaken to confirm that this low risk estuary has not changed its risk

rating.
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Oakura Estuary Issue  Susceptibility R;ﬁquétzlgqg)
Eutrophication - High

The Oakura Estuary is a relatively long, shallow, often poorly-flushed tidal river estuary (SSRTRE)
that has a low freshwater inflow, extends approximately 1 km inland, and is located at the Oakura
township. The middle estuary includes a 200 m long poorly flushed, deep (2-3 m) subtidal channel,
and there is a 400 m long poorly flushed, shallow arm to the north that predominantly empties at
low tide. Sediments are dominated by muddy sands in the mid-upper estuary and coarse sands in
the lower. A small area of high tide saltmarsh (Festuca arundinacea - Tall fescue and Plagianthus
divaricatus - Saltmarsh ribbonwood) vegetation occurs in the middle reaches. Beach duneland
vegetation, primarily marram grass (Ammophila arenaria), dominates the terrestrial margins near
the beach. The estuary mouth is mostly open to the sea, but at times it migrates along the beach
and can be semi-restricted, which means the estuary is often brackish. A main feature of the estu-
ary is that the maijority of its area is located on the beach where tidal exposure is high. The estu-
ary catchment is mixed native forest, dairy farming, and exotic forest (see summary information
below).

Human use, ecological and cultural values: The estuary is valued for its aesthetic and spiritual
appeal, bathing and biodiversity. This river mouth is a culturally significant site for Taranaki Iwi.
Ecologically, habitat diversity is relatively low with very limited intertidal saltmarsh vegetation (in
this case a narrow strip of glassland) intact, largely due to steep cliffs lining most of the mid-upper
estuary margins. There is no high-value seagrass (intertidal or subtidal) habitat and much of the
natural vegetated margin has been lost and is now developed for recreation/urban use.

Eutrophication status: The estuary is moderately susceptible to eutrophication (both macroal-
gal- and phytoplankton-based) impacts based on the following:

* The estuary, although relatively small in size, has significant intertidal (48%) and subtidal
(52%) habitat;

* It receives a high catchment-derived nutrient load (the current estimated catchment N areal
loading of 7,692 mg TN m2 d-' exceeds the guideline for low susceptibility tidal river estuar-
ies of ~2,000 mg TN m=2 d', Robertson et al. 2016); and,

* It is often not well flushed, particularly its significant subtidal channel habitat, and has low
freshwater inflow and is often turbid.

The (one-off) synoptic survey in 2019, confirmed the presence of nuisance phytoplankton blooms
(highly elevated chlorophyll a coupled with super-saturated DO concentrations) throughout the
entire subtidal channel, while macroalgae was absent from the intertidal reaches. The presence of
primary eutrophication symptoms in the channel waters, despite the mouth being open on the day
of sampling, placed the estuary in highly eutrophic (NZ ETI, Tool 2, Band C) condition. Notably, the
persistence of such degraded conditions through time is likely regulated by (1) available intertidal
area (i.e. influenced by mouth position), and (2) a combination of river inflow and tidal mixing, with
mouth closure events reflecting a worst-case scenario in that regard. This latter point should be
accounted for in any long-term estuary monitoring programme.

Sedimentation (muddiness) status: The estuary has moderate vulnerability to muddiness issues
based on the facts that the current suspended sediment load (CSSL) is <5 times the estimated natu-
ral state SS load (NSSL), the estuary is dominated by sands, but the mouth may be occasionally
restricted. Ecologically, the overall moderate mud extent fits the NZ ETI Band B (moderate muddi-
ness) condition rating.
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Figure 13. Distribution of intertidal substrata, macrophyte and saltmarsh, and water qual-
ity sites, Oakura Estuary, 2019. Water quality sampling involved assessment of conditions in both surface
(0.2 m) and bottom (0.5 m from bottom) waters at each site.
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Oakura Estuary - Summary Data
Estuary Type/Area
Intertidal/Subtidal
Mouth Status (on day of survey)
Mean Depth, Length

Freshwater Inflow

Estuarine

Saltmarsh, Seagrass

Soft Mud

Macroalgae

[Chilorophyll a] (subtidal channel)
[Dissolved oxygen] (subtidal channel)
Catchment size

Max Dairy Cows Permitted
Suspended Sediment Loading

Total Nitrogen Loading

Total Phosphorus Loading

Catchment

SSRTRE Type 2, 2.6 ha
52% intertidal
Open
1-2 m, 1 km (salt wedge extent)
Mean annual 2.7 m?® s
0.02 ha saltmarsh, no seagrass
No intertidal soft mud
No intertidal macroalgae
High**
Very Low**
441 km?
1,495
8.7 kt yr'
73 tyr' (7,692 mg TN m2 d)
4.7 tyr!

Dominant Landuse 60% native forest, 4% exotic forest, 34% dairy.

Dominant Toprock Geology

Ash (older than Taupo ash) 96%, lavas &

welded ignimbrites 3%.

*Estimated mean flow at river mouth, NIWA’'s NZ River Maps software tool.
**NZ ETI (Tool 2) condition bandings based on discrete (bottom and surface) water quality samples obtained from 2
representative subtidal channel sites (see locations in Figure 13). Sampled values in Appendix B.

Monitoring and Investigations

For the Oakura Estuary it is recommended that annual monitoring of targeted eutrophication indi-
cators (intertidal and subtidal channel) be undertaken to provide data on long-term trophic state
trends.

To address potential for eutrophication, it is recommended that relevant water column and sedi-
ment-based indicators be monitored monthly during the period Nov-March each year at 1-2 sites
representative of general conditions (e.g. mid-upper estuary) and at the same time, intertidal/
shallow subtidal macroalgal cover be assessed throughout the intertidal/shallow subtidal estuary.
If, after 1-2 years, eutrophication is not found to be a persistent issue, this monitoring may cease.

Because this estuary is generally flushed regularly by high flow events, it is recommended that
long-term monitoring for sedimentation be limited to low frequency (5-yearly), broad scale, screen-
ing level assessments only.
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Timaru Estuary Issue  Susceptibility R;ﬁg’gg?g)
Eutrophication Minimal Minimal

The Timaru Estuary is a short length, predominatly shallow, often poorly-flushed tidal river estu-
ary. It has a low freshwater inflow and is located to the southeast of Oakura township. Intertidal
sediments are coarse sand and there are several relatively small pockets of high tide saltmarsh
(Phormium tenax - NZ flax, Baumea juncea - Bare twig rush) vegetation in the mid-upper reaches.
The estuary mouth is mostly open to the sea but may become restricted during periods of lowflow,
limiting tidal mixing, and consequently the estuary waters can become brackish. The surrounding
catchment comprises an almost equal proportion of dairy farming and mixed native forest (see
further summary information overleaf).

Human use, ecological and cultural values: The estuary is valued for its aesthetic and spiri-
tual appeal, bathing and biodiversity. It is a culturally significant site for Taranaki Iwi. Ecologically,
habitat diversity is low-moderate with very little estuarine vegetation (in this case small pockets of
rushland) intact. There is no high-value seagrass (intertidal or subtidal) habitat and much of the
natural vegetated margin has been lost and is now developed for grazing.

Eutrophication status: Despite its very high nutrient load (the current estimated catchment N
areal loading of 8,421 mg TN m2 d' exceeds the guideline for low susceptibility tidal river estu-
aries of ~2,000 mg TN m2 d-', Robertson et al. 2016), the estuary has minimal susceptibility to
eutrophication (NZ ETI Tool 1, Band A). This is primarily because of its highly flushed nature, given
that it is predominantly strongly channelised with very few poorly flushed areas, and has adequate
freshwater inflow.

The (one-off) synoptic survey in 2019, confirmed the absence of opportunistic macroalgal and
phytoplankton blooms throughout the intertidal and subtidal estuary. The absence of primary eu-
trophication symptoms placed the estuary in very good (NZ ETI, Tool 2, Band A) condition with
regard to eutrophication impacts.

We note that, while periodic (short-term) changes in eutrophic susceptibility are expected (particu-
larly if the mouth becomes constricted), given the complete absence of eutrophic symptoms on
the day of sampling when flushing was low (i.e. baseflow conditions), the low susceptibility rating
is considered appropriate.

Sedimentation (muddiness) status: The estuary has moderate vulnerability to muddiness issues
based on the facts that the current suspended sediment load (CSSL) is <5 times the estimated natu-
ral state SS load (NSSL), the estuary is dominated by intertidal sands and subtidal muds, but the
mouth may be occasionally restricted. Ecologically, the overall moderate mud content fits the NZ
ETI Band B (moderate muddiness) condition rating.
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Figure 14. Distribution of intertidal substrata, macrophyte and saltmarsh, and water qual-
ity sites, Timaru Estuary, 2019. Water quality sampling involved assessment of conditions in both surface
(0.2m) and bottom (0.5m from bottom) waters at each site.
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Timaru Estuary - Summary Data

Estuary Type/Area
Intertidal/Subtidal

Mouth Status (on day of survey)
Mean Depth, Length
Freshwater Inflow

Saltmarsh, Seagrass

Estuarine

Soft Mud

Macroalgae

[Chilorophyll a] (subtidal channel)
[Dissolved oxygen] (subtidal channel)
Catchment size

Max Dairy Cows Permitted
Suspended Sediment Loading

Total Nitrogen Loading

Total Phosphorus Loading

Catchment

Dominant Landuse

Dominant Toprock Geology

*Mean flow as measured at Tataraimaka (SH45).

SSRTRE Type 1, 1.9 ha
64% subtidal
Open
0.5-1 m, 800 m (salt wedge extent)
Mean annual 1.8 m?® s
0.1 ha saltmarsh, no seagrass
No intertidal soft mud
No intertidal macroalgae
Low™**
Very Low**
31.4 km?
1,690
5.2 kt yr’
58.4 tyr' (8,421 mg TN m2d")
25tyr!

56% native forest, 43% dairy.

Ash (older than Taupo ash) 98%.

**NZ ETI (Tool 2) condition bandings based on discrete (bottom and surface) water quality samples obtained from 3
(n=5, as only bottom waters sampled at lower site) representative subtidal channel sites (see locations in Figure 14).

Sampled values in Appendix B.

Monitoring and Investigations

The low rating for both eutrophication and sedimentation in this estuary signifies a requirement for

low frequency, screening level monitoring only.

To address the low potential for eutrophication/sedimentation issues (including both benthic and
water column effects), it is recommended that low frequency (once every 10 years), screening level
(synoptic) monitoring be undertaken to confirm that this low risk estuary has not changed its risk

rating.
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Katikara Estuary Issue  Susceptibility R;;r;dggqg)
Eutrophication - High

The Katikara Estuary is a short, shallow, often poorly-flushed tidal river estuary (SSRTRE) that
has a low freshwater inflow, extends approximately 700 m inland, and is located 6 km southeast of
Oakura township. The mid-upper estuary includes a 300 m long poorly flushed, deep (1-2 m) sub-
tidal channel, and there is a 200 m long well flushed, shallow arm to the north that predominantly
empties at low tide. Sediments are dominated by muds in the subtidal mid-upper estuary and
coarse sands in the lower intertidal reaches. A narrow band of high tide saltmarsh (/solepis no-
dosa - Knobby clubrush, Phormium tenax - NZ Flax) vegetation occurs in the mid-upper reaches.
The estuary mouth is mostly open to the sea, but at times it migrates along the beach and can be
semi-restricted, which means the estuary is often brackish. The estuary catchment is predomi-
nantly dairy farming and includes mixed native forest, exotic forest and sheep and beef farming
(see summary information overleaf).

Human use, ecological and cultural values: The estuary is located within the rohe of Taranaki
Iwi, and is valued for its aesthetic and spiritual appeal, bathing and biodiversity. Ecologically, habi-
tat diversity is relatively low-moderate with limited estuary vegetation (in this case a narrow strip of
rushland/grassland) intact. There is no high-value seagrass (intertidal or subtidal) habitat and much
of the natural vegetated margin has been lost and is now developed for grazing.

Eutrophication status: The estuary has moderate susceptibility (NZ ETI Tool 1, Band B) to eutro-
phication impacts (primarily phytoplankton-based expression), based on the following:

* The estuary, although relatively small in size, has significant intertidal (56%) and subtidal
(44%) habitat;

* It receives a high catchment-derived nutrient load (the current estimated catchment N areal
loading of 10,736 mg TN m2 d-' exceeds the guideline for low susceptibility tidal river estuar-
ies of ~2,000 mg TN m=2 d', Robertson et al. 2016); and,

* It is often not well flushed, particularly its significant subtidal channel habitat, and has low
freshwater inflow and is often turbid.

The (one-off) synoptic survey in 2019, confirmed the presence of nuisance phytoplankton blooms
(highly elevated chl a coupled with super-saturated DO concentrations) throughout the entire sub-
tidal channel, although macroalgae were absent from the intertidal reaches. The presence of pri-
mary eutrophication symptoms in the channel waters, despite the mouth being open on the day of
sampling, placed the estuary in highly eutrophic (NZ ETI, Tool 2, Band C) condition. Notably, the
persistence of such degraded conditions through time is likely regulated by a combination of river
inflow and tidal mixing, with mouth closure events reflecting a worst-case scenario in that regard.
This latter point should be accounted for in any long-term estuary monitoring programme.

Sedimentation (muddiness) status: The estuary has very minimal vulnerability to muddiness is-
sues based on the facts that the current suspended sediment load (CSSL) is <5 times the estimated
natural state SS load (NSSL), the intertidal estuary is dominated by sands, but with some subtidal
muds, and the mouth may be occasionally restricted. Ecologically, the overall moderate mud con-
tent fits the NZ ETI Band B (moderate muddiness) condition rating.
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Figure 15. Distribution of intertidal substrata, macrophyte and saltmarsh, and water qual-
ity sites, Katikara Estuary, 2019. Water quality sampling involved assessment of conditions in both surface

(0.2 m) and bottom (0.5 m from bottom) waters at each site.
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Katikara Estuary - Summary Data
Estuary Type/Area
Intertidal/Subtidal
Mouth Status (on day of survey)
Mean Depth, Length

Freshwater Inflow

Estuarine

Saltmarsh, Seagrass

Soft Mud

Macroalgae

[Chlorophyll a] (subtidal channel)
[Dissolved oxygen] (subtidal channel)
Catchment size

Max Dairy Cows Permitted
Suspended Sediment Loading

Total Nitrogen Loading

Total Phosphorus Loading

Catchment

Dominant Landuse

Dominant Toprock Geology

SSRTRE Type 1, 1.6 ha
56% intertidal
Open
0.5-1 m, 700 m (salt wedge extent)
Mean annual 1.0 m3 s™*
0.15 ha saltmarsh, no seagrass
No intertidal soft mud
No intertidal macroalgae
High**
Very Low**
22 km?
2,250
2.5kt yr'
62.7 tyr' (10,736 mg TN m2d")
1.5tyr’

26% native forest, 2% exotic forest, 71% dairy,

0.5% sheep/beef.

Ash (older than Taupo ash) 99%.

*Estimated mean flow at river mouth from NIWA’s NZ River Maps software tool.
**NZ ETI (Tool 2) condition bandings based on discrete (bottom and surface) water quality samples obtained from 2
representative subtidal channel sites (see locations in Figure 15). Sampled values in Appendix B.

Monitoring and Investigations

For the Katikara Estuary it is recommended that annual monitoring of targeted eutrophication in-
dicators (intertidal and subtidal channel) be undertaken to provide data on long-term trophic state
trends.

To address potential for eutrophication, it is recommended that relevant water column and sedi-
ment-based indicators be monitored monthly during the period Nov-March each year at 1-2 sites
representative of general conditions (e.g. mid-upper estuary) and at the same time, intertidal/
shallow subtidal macroalgal cover be assessed throughout the intertidal/shallow subtidal estuary.
If, after 1-2 years, eutrophication is not found to be a persistent issue, this monitoring may cease.

Because this estuary is generally flushed regularly by high flow events, it is recommended that
long-term monitoring for sedimentation be limited to low frequency (5-yearly), broad scale, screen-
ing level assessments only.
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Kaupokonui Estuary lssue  Susceptibility R;ﬁ:;dztz'gqg)
Eutrophication Minimal Minimal

The Kaupokonui Estuary is a small, short length, shallow, tidal river estuary that extends from
the sea to approximately 700 m inland. It has a high freshwater inflow and is located 5 km west of
Hawera. Intertidal sediments are mostly cobbles with some coarse sands near the mouth, which is
predominantly open to the sea. There is duneland on the northern margin but no estuarine vegeta-
tion, primarily due to lack of space with steep banks and rockwall lining the margins. The estuary
mouth is mostly open to the sea but may become restricted during periods of lowflow, limiting tidal
mixing, and consequently the estuary waters can become brackish. The estuary catchment is
predominantly dairy farming but includes some mixed native forest, exotic forest, sheep and beef
farming (see summary information overleaf).

Human use, ecological and cultural values: Although small in size and inland extent, the es-
tuary and landscape is highly valued by locals and tourists for camping, swimming, fishing and
surfing. Kaupokonui is commonly cited as the ‘jewel of South Taranaki’ in terms of amenity val-
ues. Ecologically, habitat diversity is low with no estuarine vegetation, steep cliffs either side, and
much of the immediate natural vegetated margin has been lost and is now developed for grazing.
The estuary and associated coast has significant scientific values including the remains of several
species of moa and other extinct birds, includes threatened, at risk and regionally distinctive flora
species, and inanga spawning sites. This estuary is particularly significant to Nga Ruahine Iwi,
and was abundant with tunaheke, piharau, kahawai, Thanga, pakotea and kdkopu.

Eutrophication status: Despite its very high nutrient load (the current estimated catchment N ar-
eal loading of 42,033 mg TN m2 d-' exceeds the guideline for low susceptibility tidal river estuaries
of ~2,000 mg TN m2d", Robertson et al. 2016), the estuary has minimal susceptibility to eutrophi-
cation (NZ ETI Tool 1, Band A). This is primarily because of its highly flushed nature, given that it is
predominantly strongly channelised with no poorly flushed areas, and has high freshwater inflow.

The (one-off) synoptic survey in 2019, confirmed the absence of opportunistic macroalgal and
phytoplankton blooms throughout the intertidal and subtidal estuary, and an NZ ETI (Tool 2) condi-
tion rating of ‘minimal’ (Band A) for eutrophication.

We also note that, while toxic algal blooms (e.g. benthic cyanobacteria) have been reported in
the estuary in the past, often leading to public closure (e.g. November, 2018), such conditions
are likely driven by short periods of mouth closure coincident with prolonged low river inflows and
therefore highly ephemeral. The present survey was undertaken during baseflows and no such
algal blooms were observed, so the overall low susceptibility rating is considered appropriate.

Sedimentation (muddiness) status: The estuary has moderate vulnerability to muddiness issues
based on the facts that the current suspended sediment load (CSSL) is <5 times the estimated natu-
ral state SS load (NSSL), the estuary is dominated by cobble/sand, but the mouth may be occasion-
ally restricted. Ecologically, the overall moderate mud extent fits the NZ ETI Band B (moderate
muddiness) condition rating.
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Figure 16. Distribution of intertidal substrata, macrophyte and saltmarsh, and water qual-
ity sites, Kaupokonui Estuary, 2019. Water quality sampling involved assessment of conditions in both
surface (0.2 m) and bottom (0.5 m from bottom) waters at each site.
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Kaupokonui Estuary - Summary Data

Estuary Type/Area SSRTRE Type 4 (short length), 3.8 ha

Intertidal/Subtidal 60% intertidal
Mouth Status (on day of survey) Open
Mean Depth, Length 0.5-1 m, 700 m (salt wedge extent)
-% Freshwater Inflow Mean annual 714 m3 s™*
§ Saltmarsh, Seagrass No saltmarsh, no seagrass
Soft Mud No intertidal soft mud
Macroalgae No intertidal macroalgae
[Chlorophyll a] (subtidal channel) Very Low™*
[Dissolved oxygen] (subtidal channel) Very Low*™
Catchment size 146.9 km?
Max Dairy Cows Permitted 27,025
Suspended Sediment Loading 15.2 kt yr’
% Total Nitrogen Loading 583 tyr' (42,033 mg TN m2d™)
.(cEJ Total Phosphorus Loading 141 tyr’
S

20% native forest, 2% exotic forest, 76% dairy,

Dominant Landuse 0.4% sheep/beef.

Ash (older than Taupo ash) 75%, lavas &
welded ignimbrites 5%, Taupo & Kaharaoa
reccias (older than Taupo breccia) 6%, lahar

deposits 3%.

Dominant Toprock Geology b

*Estimated mean flow at river mouth from NIWA's NZ River Maps software tool.

**NZ ETI (Tool 2) condition bandings based on discrete (bottom and surface) water quality samples obtained from 2
(n=3, as only bottom waters sampled at lower site) representative subtidal channel sites (see locations in Figure 16).
Sampled values in Appendix B.

Monitoring and Investigations

The low rating for both eutrophication and sedimentation in this estuary signifies a requirement for
low frequency, screening level monitoring only.

To address the low potential for eutrophication/sedimentation issues (including both benthic and
water column effects), it is recommended that low frequency (once every 10 years), screening level
(synoptic) monitoring be undertaken to confirm that this low risk estuary has not changed its risk
rating.
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i . iti
Waingongoro Estuary Issue  Susceptibility R;ﬁ]r;dézlgqg)
Sedimentation - Minimal
Eutrophication Minimal Minimal

The Waingongoro Estuary is a small, short length, shallow, tidal river estuary that extends from
the sea to approximately 500 m inland. It is slightly perched at the high water zone, has a high
freshwater inflow and is located 5 km west of Hawera. Intertidal sediments are mostly cobbles with
some coarse sands near the mouth, which is predominantly open to the sea. There is no estuarine
vegetation, primarily due to lack of space with steep cliffs at the margins. The estuary mouth is
mostly open to the sea but may become restricted during periods of lowflow, limiting tidal mixing,
and consequently the estuary waters can become brackish. The estuary catchment is predomi-
nantly dairy farming but includes some mixed native forest, exotic forest, sheep and beef farming
(see summary information overleaf).

Human use, ecological and cultural values: Although small in size and inland extent, the estu-
ary is valued for its aesthetic and spiritual appeal, bathing and biodiversity. It is also significant to
Ngaruahine, and was abundant with tunaheke, piharau, Thanga, pakotea and kokopu. Ecologically,
habitat diversity is low with no estuarine vegetation, steep cliffs either side, and much of the imme-
diate natural vegetated margin has been lost and is now developed for grazing.

Eutrophication status: Despite its very high nutrient load (the current estimated catchment N
areal loading of 147,808 mg TN m2 d' exceeds the guideline for low susceptibility tidal river es-
tuaries of ~2,000 mg TN m2 d', Robertson et al. 2016), the estuary has minimal susceptibility to
eutrophication (NZ ETI Tool 1, Band A). This is primarily because of its highly flushed nature, given
that it is predominantly strongly channelised with no poorly flushed areas, and has high freshwater
inflow.

The (one-off) synoptic survey in 2019, confirmed the absence of opportunistic macroalgal and
phytoplankton blooms throughout the intertidal and subtidal estuary, and an NZ ETI (Tool 2) condi-
tion rating of ‘minimal’ (Band A) for eutrophication.

We note that, while periodic (short-term) changes in eutrophic susceptibility are expected (particu-
larly if the mouth becomes constricted), given the complete absence of eutrophic symptoms on
the day of sampling when flushing was low (i.e. baseflow conditions), the low susceptibility rating
is considered appropriate.

Sedimentation (muddiness) status: The estuary has moderate vulnerability to muddiness issues
based on the facts that the current suspended sediment load (CSSL) is <5 times the estimated
natural state SS load (NSSL), the estuary is dominated by cobble/sand, but the mouth may be oc-
casionally restricted. Ecologically, the overall very low mud extent fits the NZ ETI Band A (minimal
muddiness) condition rating.
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Figure 17. Distribution of intertidal substrata, macrophyte and saltmarsh, and water qual-
ity sites, Waingongoro Estuary, 2019. Water quality sampling involved assessment of conditions in both
surface (0.2 m) and bottom (0.5 m from bottom) waters at each site.
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Waingongoro Estuary - Summary Data

Estuary Type/Area SSRTRE Type 2 (short length), 1.6 ha

Intertidal/Subtidal 65% intertidal
Mouth Status (on day of survey) Open
Mean Depth, Length 0.5-1 m, 500 m (salt wedge extent)
-% Freshwater Inflow Mean annual 7.2 m3 s"*
§ Saltmarsh, Seagrass No saltmarsh, no seagrass
Soft Mud No intertidal soft mud
Macroalgae No intertidal macroalgae
[Chlorophyll a] (subtidal channel) Very Low**
[Dissolved oxygen] (subtidal channel) Very Low**
Catchment size 219.1 km?
Max Dairy Cows Permitted 49,259
Suspended Sediment Loading 16.2 kt yr’
% Total Nitrogen Loading 863.2 t yr' (147,808 mg TN m2d-)
:(CEg Total Phosphorus Loading 27.4 t yr'
]
O

7% native forest, 1% exotic forest, 91% dairy,

Dominant Landuse 0.1% sheep/beef.

Ash (older than Taupo ash) 90%, lavas &

Dominant Toprock Geology welded ignimbrites 1%, peat 5%.

*Mean flow measured at SH45.
**NZ ETI (Tool 2) condition bandings based on discrete (bottom and surface) water quality samples obtained from 2
representative subtidal channel sites (see locations in Figure 17). Sampled values in Appendix B.

Monitoring and Investigations

The low rating for both eutrophication and sedimentation in this estuary signifies a requirement for
low frequency, screening level monitoring only.

To address the low potential for eutrophication/sedimentation issues (including both benthic and
water column effects), it is recommended that low frequency (once every 10 years), screening level
(synoptic) monitoring be undertaken to confirm that this low risk estuary has not changed its risk
rating.
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Condition

Tangahoe Estuary Issue  Susceptibility Rating (2019)
Eutrophication Minimal Minimal

The Tangahoe Estuary is a short length, shallow, tidal river estuary that extends from the sea to
approximately 1 km inland. It is perched at the high water zone, has a moderate freshwater inflow
and is located in the South Taranaki Bight (5 km southeast of Hawera). Intertidal sediments are
sand-dominated and include a small area of saltmarsh (Sarcocornia quinqueflora - Glasswort,
Juncus kraussii - Searush, Juncus articulatus - Jointed rush) vegetation. The estuary mouth is
mostly open to the sea but may become restricted during periods of lowflow, limiting tidal mixing,
and consequently the estuary waters can become brackish. The estuary catchment is predomi-
nantly dairy farming but includes some mixed native forest, exotic forest (including consented for-
estry), sheep and beef farming (see summary information overleaf).

Human use, ecological and cultural values: The estuary is valued for its aesthetic and spiritual
appeal, bathing and biodiversity. It is significant to Ngati Ruanui, with piharau, kokopu, tunaheke,
patiki, and shelfish previously abundant within the estuary and on the coastal reefs at the river
mouth. Ecologically, habitat diversity is low-moderate with some of its intertidal vegetation, salt-
marsh (in this case small pockets of rushland and herbfield) intact, although there is no high-value
seagrass (intertidal or subtidal) habitat and much of the natural vegetated margin has been lost and
is now developed for grazing.

Eutrophication status: Despite its very high nutrient load (the current estimated catchment N
areal loading of 16,757 mg TN m2 d-' exceeds the guideline for low susceptibility tidal river estu-
aries of ~2,000 mg TN m=2 d', Robertson et al. 2016), the estuary has minimal susceptibility to
eutrophication (NZ ETI Tool 1, Band A). This is primarily because of its highly flushed nature, given
that it is predominantly strongly channelised with very few poorly flushed areas, and has adequate
freshwater inflow.

The (one-off) synoptic survey in 2019, confirmed the absence of opportunistic macroalgal and
phytoplankton blooms throughout the intertidal and subtidal estuary, and an NZ ETI (Tool 2) condi-
tion rating of ‘minimal’ (Band A) for eutrophication.

We note that, while periodic (short-term) changes in eutrophic susceptibility are expected (particu-
larly if the mouth becomes constricted), given the complete absence of eutrophic symptoms on
the day of sampling when flushing was low (i.e. baseflow conditions), the low susceptibility rating
is considered appropriate.

Sedimentation (muddiness) status: The estuary has moderate vulnerability to muddiness issues
based on the facts that the current suspended sediment load (CSSL) is <5 times the estimated natu-
ral state SS load (NSSL), the estuary is dominated by sands, but with some subtidal muds, and the
mouth may be occasionally restricted. Ecologically, the overall moderate mud extent fits the NZ ETI
Band A (moderate muddiness) condition rating.
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Figure 18. Distribution of intertidal substrata, macrophyte and saltmarsh, and water qual-
ity sites, Tangahoe Estuary, March 2019. water quality sampling involved assessment of conditions in
both surface (0.2 m) and bottom (0.5 m from bottom) waters at each site.
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Tangahoe Estuary - Summary Data

Estuary Type/Area SSRTRE Type 3 (short length), 1.8 ha

Intertidal/Subtidal 57% intertidal
Mouth Status (on day of survey) Open
Mean Depth, Length 0.5-1 m, 900 m (salt wedge extent)
-% Freshwater Inflow Mean annual 6.7 m?® s
§ Saltmarsh, Seagrass 0.1 ha saltmarsh, no seagrass
Soft Mud No intertidal soft mud
Macroalgae No intertidal macroalgae
[Chlorophyll a] (subtidal channel) Very Low**
[Dissolved oxygen] (subtidal channel) Low-Mod**
Catchment size 297.6 km?
Max Dairy Cows Permitted 24,440
Suspended Sediment Loading 52.5 kt yr!
g Total Nitrogen Loading 110.1 t yr' (16,757 mg TN m2 d-")
:Ci Total Phosphorus Loading 15.5tyr!
©
O

10% native forest, 13% exotic forest, 57%

DG LEmeE: dairy, 18% sheep/beef.

Alluvial 2%, mudstone 3%, massive mudstone

Dominant Toprock Geology 55%, peat 2%, massive sandstone 33%.

*Estimated mean flow at river mouth from NIWA’s NZ River Maps software tool.

**NZ ETI (Tool 2) condition bandings based on discrete (bottom and surface) water quality samples obtained from 2
(n=3, as only bottom waters sampled at lower site) representative subtidal channel sites (see locations in Figure 18).
Sampled values in Appendix B.

Monitoring and Investigations

The low rating for both eutrophication and sedimentation in this estuary signifies a requirement for
low frequency, screening level monitoring only.

To address the low potential for eutrophication/sedimentation issues (including both benthic and
water column effects), it is recommended that low frequency (once every 10 years), screening level
(synoptic) monitoring be undertaken to confirm that this low risk estuary has not changed its risk
rating.
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Manawapou Estuary Issue  Susceptibility R;ﬁ]r;dgg?g)
Eutrophication Minimal Minimal

The Manawapou Estuary is a moderate length, shallow tidal river estuary, has low freshwater in-
flow, and is located in the South Taranaki Bight between Hawera and Patea. Intertidal sediments
are dominated by sands and include several small pockets of saltmarsh (Juncus krausii - Searush,
and Apodasmia similis - Jointed wirerush) and herbfield (Sarcocornia quinqueflora - Glasswort)
vegetation which is limited to the upper reaches. The estuary mouth is mostly open to the sea
but may become restricted during periods of lowflow, limiting tidal mixing, and consequently the
estuary waters can become brackish. The estuary catchment is mixed native forest, exotic for-
est (including consented forestry), dairy and sheep and beef farming (see summary information
overleaf).

Human use, ecological and cultural values: The estuary, located within the rohe of Ngati Ru-
anui, is valued for its spiritual/aesthetic appeal, bathing and biodiversity. Ecologically, habitat di-
versity is low-moderate with some of its intertidal vegetation, saltmarsh (in this case small pockets
of rushland and herbfield) intact. However, there is no high-value seagrass (intertidal or subtidal)
habitat and much of the natural vegetated margin has been lost and is now developed primarily for
grazing.

Eutrophication status: Despite its very high nutrient load (the current estimated catchment N
areal loading of 16,758 mg TN m2 d-' exceeds the guideline for low susceptibility tidal river estu-
aries of ~2,000 mg TN m2 d-', Robertson et al. 2016), the estuary has minimal susceptibility to
eutrophication (NZ ETI Tool 1, Band A). This is primarily because of its highly flushed nature, given
that it is predominantly strongly channelised with very few poorly flushed areas, and has adequate
freshwater inflow.

The (one-off) synoptic survey in 2019, confirmed the absence of opportunistic macroalgal and
phytoplankton blooms throughout the intertidal and subtidal estuary, and an NZ ETI (Tool 2) con-
dition rating of ‘minimal’ (Band A) for eutrophication impacts.

Sedimentation (muddiness) status: The estuary has moderate vulnerability to muddiness issues
based on the facts that the current suspended sediment load (CSSL) is <5 times the estimated natu-
ral state SS load (NSSL), the estuary is dominated by sands, but the mouth may be occasionally
restricted. Ecologically, the overall moderate mud extent fits the NZ ETI Band B (moderate muddi-
ness) condition rating.
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Figure 19. Distribution of intertidal substrata, macrophyte and saltmarsh, and water qual-
ity sites, Manawapou Estuary, 2019. Water quality sampling involved assessment of conditions in both
surface (0.2m) and bottom (0.5m from bottom) waters at each site.
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Manawapou Estuary - Summary Data

Estuary Type/Area
Intertidal/Subtidal

Mouth Status (on day of survey)
Mean Depth, Length
Freshwater Inflow

Saltmarsh, Seagrass

Estuarine

Soft Mud

Macroalgae

[Chilorophyll a] (subtidal channel)
[Dissolved oxygen] (subtidal channel)
Catchment size

Max Dairy Cows Permitted
Suspended Sediment Loading

Total Nitrogen Loading

Total Phosphorus Loading

Catchment

Dominant Landuse

Dominant Toprock Geology

SSRTRE Type 2, 1.8 ha
57% intertidal
Open
0.5-1 m, 1 km (salt wedge extent)
Mean annual 2.9 m3 s
0.1 ha saltmarsh, no seagrass
No intertidal soft mud
No intertidal macroalgae
Very Low**
Low-Mod**
122.3 km?
9,000
52.5 kt yr'
110.1 tyr' (16,758 mg TN m=2 d)
15.5tyr!

32% native forest, 7% exotic forest, 43% dairy,
17.8% sheep/beef.

Alluvial 2%, mudstone 54%, massive sand-
stone 37%, unconsolidated gravels/sands 6%.

*Estimated mean flow at river mouth from NIWA’s NZ River Maps software tool.
**NZ ETI (Tool 2) condition bandings based on discrete (bottom and surface) water quality samples obtained from 2
(n=3, as only bottom waters sampled at lower site) representative subtidal channel sites (see locations in Figure 19).

Sampled values in Appendix B.

Monitoring and Investigations

The low rating for both eutrophication and sedimentation in this estuary signifies a requirement for

low frequency, screening level monitoring only.

To address the low potential for eutrophication/sedimentation issues (including both benthic and
water column effects), it is recommended that low frequency (once every 10 years), screening level
(synoptic) monitoring be undertaken to confirm that this low risk estuary has not changed its risk

rating.
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Patea Estuary Issue  Susceptibility R;ﬁ]ngdggqg)

Sedimentation Mod-High

The Patea Estuary is a highly modified, long length, shallow, well-flushed tidal river estuary lo-
cated in the South Taranaki Bight near the town of Patea. It has a high freshwater inflow (regulated
somewhat by upriver hydro-schemes), an always open mouth, and is dominated by a relatively
wide (~30 m) subtidal channel (63% of estuary).

Intertidal habitat is characterised by soft muds (3.4 ha, 23% unvegetated intertidal area) and sands
and include some saltmarsh dominated by rushland (Juncus kraussii - Searush, Apodasmia similis
- Jointed wirerush, Isolepis cernua - Slender clubrush) and to a lesser extent herbfield (Sarcocor-
nia quinqueflora - Glasswort) vegetation.

The estuary catchment is dominated by native forest, dairy and sheep/beef farming and, to a much
lesser extent, exotic forest (including consented forestry) - see summary information overleaf.

Human use, ecological and cultural values: The estuary has good access and is valued for
its spiritual value, aesthetic appeal, bathing and biodiversity. It is significant to the people of both
Ngati Ruanui and Ngaa Rauru Kiitahi. Food sources, gathered from the entire length of this river,
included kaakahi, kuku, tuna, kanae, piharau, whitebait, smelt, flounder, place, sole, kahawai,
taamure, shark and stingray. Ecologically, habitat diversity is moderate-high with some of its inter-
tidal vegetation, saltmarsh (in this case rushland and herbfield) intact. However, there is no high-
value seagrass (intertidal or subtidal) habitat and much of the natural vegetated margin has been
lost and is now developed for grazing and urban use.

Eutrophication status: The estuary is very highly (NZ ETI Tool 1, Band D) susceptible to mac-
roalgal-based eutrophication at times based on (1) its relatively high proportion (>37%) of intertidal
habitat, including two physically constricted arms in the middle estuary, and (2) its very high nutrient
load (the current estimated N areal loading of 7,020 mg TN m2 d' exceeds the tentative guideline
for low susceptibility SSRTREs of ~2000 mg TN m=2 d-).

Despite the very high rating, the 2019 field survey resulted in an NZ ETI (Tool 2) condition rating of
moderate (Band B), with minimal sign of primary eutrophication symptoms (nuisance opportunis-
tic macroalgae). Their absence was most likely related to turbidity-induced light limitation (during
hightide) and/or flushing during flood periods. In addition, synoptic (one-off) sampling of the main
subtidal channel waters (surface and bottom) indicated an absence of nuisance phytoplankton
blooms (very low [chl a]), again reflecting light limitation and/or flushing in that part of the system.
However, on occasions during low flows when the estuary is stratified and turbidity is low, nui-
sance algal/macrophyte growth may occur.

We note that such mud-impacted estuaries generally are more susceptible to eutrophication im-
pacts, so the present survey results must be viewed in that context, and the potential for rapid
ecological decline accounted for in any long-term monitoring programme.

Sedimentation (muddiness) status: The estuary is rated as moderate-highly vulnerable to muddi-
ness issues based on the fact that, although the estimated current suspended sediment load (CSSL)
is <5 times the estimated natural state SS load (NSSL) and excess sediments are likely to be flushed
to the sea during high flows, the catchment is naturally erosion prone (Suspended Sediment Yield
map of sediment delivery to rivers and stream [NIWA]) and the synoptic survey showed that the es-
tuary is dominated by muddy sediments in the less well flushed mid-upper (intertidal and subtidal)
reaches. Ecologically, the overall high mud content fits the NZ ETI Band D (very high) condition
rating.
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Figure 20. Distribution of intertidal substrata, macrophyte and saltmarsh, and water qual-

ity sites, Patea Estuary, 2019. Water quality sampling involved assessment of conditions in both surface (0.2
m) and bottom (0.5 m from bottom) waters at each site.
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Patea Estuary - Summary Data
Estuary Type/Area
Intertidal/Subtidal
Mouth Status (on day of survey)

Mean Depth, Length

SSRTRE Type 4, 49.1 ha
63% subtidal
Open
2.0-3.0 m, 4 km (salt wedge extent)

-% Freshwater Inflow Mean annual 29.5 m?® s
§ Saltmarsh, Seagrass 3.7 ha saltmarsh, no seagrass
Soft Mud 3.4 ha (23% unvegetated intertidal area)
Macroalgae No intertidal macroalgae
[Chlorophyll a] (subtidal channel) Very Low**
[Dissolved oxygen] (subtidal channel) Low-Mod**
Catchment size 1045.8 km?
Max Dairy Cows Permitted 49,291
Suspended Sediment Loading 469.6 kt yr'
qu: Total Nitrogen Loading 1258 t yr' (7,020 mg TN m2 d")
ng Total Phosphorus Loading 123.5 t yr'
@®
O

35% native forest, 7% exotic forest, 27% dairy,

Dominant Landuse 31% sheep/beef.

Alluvial 5%, ash (older than Taupo ash) 36%,

Dominant Toprock Geology peat 1%, massive sandstone 56%.

*Mean flow measured at Patea at McColls Bridge and does not include Patea HEP (Lake Rotorangi), but they on aver-

age discharge at 29 m3 s or 2,505,946 m3 d-'.
**NZ ETI (Tool 2) condition bandings based on discrete (bottom and surface) water quality samples obtained from 3
representative subtidal channel sites (see locations in Figure 20). Sampled values in Appendix B.

Monitoring and Investigations

For “long-length (mouth sometimes closed or restricted) SSRTREs” with significant intertidal and
subtidal habitat comprising poorly flushed/muddy substrata, moderate-high nutrient/sediment
loads and high human use and cultural/ecological values, it is recommended that both broad scale
habitat mapping and fine scale monitoring be undertaken on a long-term basis to assess trends
in estuary ecological condition using the National Estuary Monitoring Protocol (Robertson et al.
2002), plus subsequent improvements (Robertson 2018). Outputs should be compared against
relevant national standards (i.e. NZ ETI; Robertson et al. 2016a,b). In addition, sedimentation
plates, which, over the long-term, will help provide an indicative measure of the rate of sedimenta-
tion in the estuary, should be deployed and monitored annually as per Hunt (2019).

Broad scale habitat mapping documents the key habitats within the estuary, and changes to these
habitats over time. It is typically repeated at 5-yearly intervals. Fine scale monitoring measures the
condition of the high susceptibility intertidal and subtidal habitat through physical, chemical and
biological indicators. It is undertaken once annually for three consecutive years during the period
Nov-March (usually at 2 intertidal and 3-4 subtidal sites), and thereafter at 5-yearly intervals. Both
components have not yet been measured in this estuary.
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Whenuakura Estuary Issue  Susceptibility R;ﬁ]r;dggqg)

Eutrophication Minimal

The Whenuakura River Estuary is a large, shallow, generally well-flushed, tidal river estuary (SSR-
TRE) that is located southeast of Patea and extends approximately 5 km inland. It has a high
freshwater inflow which, along with tidal inflow, is expected to flush most of the catchment-derived
nutrients and sediment from the estuary. Intertidal substrata are dominated by sand, are generally
well oxygenated and comprise small areas of saltmarsh. The estuary includes areas of high tide
saltmarsh (Typha orientalis - Raupo, Schoenoplectus pungens - Three-square, Apodasmia similis
- Jointed wirerush) and herbfield (Sarcocornia quinqueflora - Glasswort) vegetation. The estuary
mouth is mostly open to the sea but may become restricted during periods of lowflow, limiting
tidal mixing, and consequently the estuary waters can become brackish. The estuary catchment
is mostly native forest, but also developed predominantly for sheep, beef and dairy farming and
smaller areas of consented exotic forest (see summary information overleaf).

Human use, ecological and cultural values: The estuary is recognised as a “Key Native Eco-
system” (KNE) with relatively good access, it is valued for its spiritual/aesthetic appeal, bathing
and biodiversity. It is also significant to the people of both Ngati Ruanui and Ngaa Rauru Kiitahi.
Food sources, gathered from the entire length of this river, included tuna, whitebait, smelt, floun-
der, and sole. In terms of ecological value, habitat diversity is moderate-high with some of its inter-
tidal vegetation, saltmarsh (in this case rushland and herbfield) intact. However, there is no high-
value seagrass (intertidal or subtidal) habitat and much of the natural vegetated margin has been
lost and is now developed for farming. The estuary is recognized as an important nursery area for
birds including the ‘Threatened (Nationally Vulnerable) Caspian tern (Sterna caspia), northern New
Zealand dotterel (Charadrius obscurus aquilonius) and banded do terel (Charadrius bicinctus) and
the ‘At Risk’ (Declining) New Zealand pipit (Anthus novaeseelandiae), and is included in the migra-
tory route of several bird species including the variable oystercatcher (Haematopus unicolor) and
royal spoonbill (Platalea regia).

Eutrophication status: The estuary has very high (NZ ETI Tool 1, Band D) susceptibility to mac-
roalgal-based eutrophication, reflecting its relatively high proportion (>40%) of intertidal habitat and
high nutrient load (the current estimated N areal loading of 2,207 mg TN m-2 d-' exceeds the tenta-
tive guideline for low susceptibility SSRTREs of ~2000 mg TN m-=2 d™).

Despite the very high rating, the 2019 field survey of intertidal and subtidal habitat showed no
signs of primary eutrophication symptoms. This result was likely driven by the estuary’s highly
flushed nature, given that it is predominantly strongly channelised with very few poorly flushed
areas, has high freshwater inflow, is strongly affected by tidal currents and is often turbid. The
absence of primary eutrophication symptoms on the day of sampling placed the estuary in very
good (NZ ETI, Tool 2, Band A) condition with regard to eutrophication impacts.

However, on occasions during low flows when the estuary is stratified and turbidity is low, nui-
sance algal/macrophyte growth may occur within intertidal and/or subtidal habitat, particularly if
the mouth becomes constricted, hence the very high eutrophic susceptibility rating is considered
appropriate.

Sedimentation (muddiness) status: The estuary has moderate vulnerability to muddiness issues
based on the facts that estimated current suspended sediment load (CSSL) is <5 times the estimated
natural state SS load (NSSL), the estuary is dominated by coarse sediments (NZ ETI, Band A), but
some subtidal muds, and the mouth may be occasionally restricted. Ecologically, the overall moder-
ate mud content fits the NZ ETI Band B (moderate muddiness) condition rating.
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Figure 21. Distribution of intertidal substrata, macrophyte and saltmarsh, and water qual-
ity sites, Whenuakura Estuary, 2019. Water quality sampling involved assessment of conditions in both
surface (0.2 m) and bottom (0.5 m from bottom) waters at each site.
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Whenuakura Estuary - Summary Data
Estuary Type/Area
Intertidal/Subtidal
Mouth Status (on day of survey)
Mean Depth, Length

Freshwater Inflow

Estuarine

Saltmarsh, Seagrass

Soft Mud

Macroalgae

[Chlorophyll a] (subtidal channel)
[Dissolved oxygen] (subtidal channel)
Catchment size

Max Dairy Cows Permitted
Suspended Sediment Loading

Total Nitrogen Loading

Total Phosphorus Loading

Catchment

Dominant Landuse

Dominant Toprock Geology

*Mean flow measured at Whenuakura at Nicholson Rd.

SSRTRE Type 4, 32.2 ha
54% intertidal
Open
1.0-2.0, 5 km (salt wedge extent)
Mean annual 10.2 m?® s
5 ha saltmarsh, no seagrass
0.2 ha (2% unvegetated intertidal area)
No intertidal macroalgae
Very Low**
Low-Mod**
468.6 km?
15,100
326 kt yr'
260 t yr' (2,207 mg TN m2d™)
67 tyr'

66% native forest, 4% exotic forest, 16% dairy,

13% sheep/beef.

Alluvial 1%, massive mudstone 21%, massive

sandstone 77%.

**NZ ETI (Tool 2) condition bandings based on discrete (bottom and surface) water quality samples obtained from 3
representative subtidal channel sites (see locations in Figure 21). Sampled values in Appendix B.

Monitoring and Investigations

For the Whenuakura Estuary it is recommended that annual monitoring of targeted eutrophication
indicators (intertidal and subtidal channel) be undertaken to provide data on long-term trophic

state trends.

To address potential for eutrophication, it is recommended that relevant water column and sedi-
ment-based indicators be monitored monthly during the period Nov-March each year at 1-2 sites
representative of general conditions (e.g. mid-upper estuary) and at the same time, intertidal/
shallow subtidal macroalgal cover be assessed throughout the intertidal/shallow subtidal estuary.
If, after 1-2 years, eutrophication is not found to be a persistent issue, this monitoring may cease.

Because this estuary is generally flushed regularly by high flow events, it is recommended that
long-term monitoring for sedimentation be limited to low frequency (5-yearly), broad scale, screen-

ing level assessments only.
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Waitotara Estuary Issue  Susceptibility R;ﬁ]r;dggqg)
Sedimentation Mod-High -
Eutrophication Minimal Minimal

The Waitotara Estuary is a long length, shallow tidal river estuary whose mouth is predominantly
open. It has a high freshwater inflow and is located on the South Taranaki Bight. Intertidally, sedi-
ments are characterised by soft muds (14.5 ha, 34% non-vegetated intertidal flats) and sands and
include saltmarsh comprising herbfield (Sarcocornia quinqueflora - Glasswort) and to a lesser
extent rushland (/solepis nodosa - Knobby clubrush, Juncus articulatus - Jointed rush, Isolepis
cernua - Slender clubrush, and Schoenoplectus pungens - Three-square) vegetation. While the
estuary mouth is mostly open to the sea, it may become restricted during periods of lowflow, limit-
ing tidal mixing, and consequently the estuary waters can become brackish. The estuary catch-
ment is dominated by dairy farming and to a much lesser extent mixed native forest, exotic forest
(including consented forestry) - see summary information overleaf.

Human use, ecological and cultural values: The estuary is valued for its aesthetic appeal, spiri-
tual values, bathing and biodiversity. It is significant to Ngaa Rauru Kiitahi, with many hapu located
along or near the river. Food sources, gathered from its entire length, included kaakahi, tuna,
whitebait, smelt, kahawai, flounder, and sole. A piliocene section along bank of Waitotara River
together with fossilised totara stumps and ventifacts provides high scientific and educational inter-
est. Ecologically, habitat diversity is moderate-high with some of its intertidal vegetation, saltmarsh
(in this case rushland, sedgeland and herbfield) intact. However, there is no high-value seagrass
(intertidal or subtidal) habitat and much of the natural vegetated margin has been lost and is now
developed for grazing. The wider reserve also provides habitat for coastal and migratory birds and
is occasionally visited by the ‘ Threatened (Nationally Critical)’ kotuku or white heron (Ardea mod-
esta). Human activity is minimal associated with low key recreation use, and the visitor experience
maintains a high sense of wildness and remoteness retained along the coastal edge.

Eutrophication status: The overall eutrophic susceptibility of the estuary is minimal (NZ ETI Tool
1, Band A) based on (1) its well flushed nature (mouth not often restricted), and (2) its relatively low
nutrient load (the current estimated N areal loading of 1,228 mg TN m2 d' does not exceed the
tentative guideline for low susceptibility SSRTREs of ~2000 mg TN m2 d-" Robertson et al. 2016).

The synoptic (one-off) survey in 2019 confirmed the absence of opportunistic macroalgae in all
areas of the intertidal estuary and generally clear subtidal waters in the lower and middle estuary
with very low phytoplankton (chl a) and dissolved oxygen concentrations. Overall, the estuary fits
the NZ ETI (Tool 2) condition rating of ‘minimal’ (Band A) in terms of eutrophication.

Although periodic (short-term) changes in eutrophic susceptibility are expected (particularly if the
mouth becomes constricted), given the general lack of primary symptoms on the day of sampling
when flushing was low (i.e. baseflow conditions), the low susceptibility rating is considered ap-
propriate. However, it is important to note mud-impacted estuaries generally are more susceptible
to eutrophication impacts, so the present survey results must be viewed in that context, and the
potential for rapid ecological decline accounted for in any long-term monitoring programme.

Sedimentation (muddiness) status: The estuary is rated as highly vulnerable to muddiness is-
sues based on the fact that, although the estimated current suspended sediment load (CSSL) is <5
times the estimated natural state SS load (NSSL) and excess sediments are likely to be flushed to
the sea during high flows, the catchment is naturally erosion prone (Suspended Sediment Yield map
of sediment delivery to rivers and stream [NIWA]) and the synoptic survey showed that the estuary is
dominated by muddy sediments in the less well flushed mid-upper (intertidal and subtidal) reaches.
Ecologically, the overall high extent of muds fits the NZ ETI Band D (very high) condition rating.
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Figure 22. Distribution of intertidal substrata, macrophyte and saltmarsh, and water quality sampling locations, Waitotara
River Estuary, 2019. Water quality sampling involved assessment of conditions in both surface (0.2 m) and bottom (0.5 m from bottom) waters at each site.
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Waitotara Estuary - Summary Data

Estuary Type/Area SSRTRE Type 4, 98 ha
Intertidal/Subtidal 45% intertidal
Mouth Status (on day of survey) Open
Mean Depth, Length 0.5-1.0 m, 5 km (salt wedge extent)
-% Freshwater Inflow Mean annual 44.3 m3 s
§ Saltmarsh, Seagrass 1.4 ha saltmarsh, no seagrass
Soft Mud 14.5 ha (34% unvegetated intertidal area)
Macroalgae No intertidal macroalgae
[Chlorophyll a] (subtidal channel) Very Low**
[Dissolved oxygen] (subtidal channel) Low-Mod**
Catchment size 1183 km?
Max Dairy Cows Permitted 10820
Suspended Sediment Loading 1131.7 kt yr'
% Total Nitrogen Loading 439.2 tyr' (1,228 mg TN m=2d")
:Ci Total Phosphorus Loading 1391 t yr'
@®
O

68% native forest, 7% exotic forest, 5% dairy,

Dominant Landuse 20% sheep/beef.

Alluvial 3%, mudstone 1%, massive mudstone
Dominant Toprock Geology | 1%, ash (older than Taupo ash) 9%, massive
sandstone 82%, windblown sand 3%.
*Estimated mean flow at river mouth from NIWA’s NZ River Maps software tool.
**NZ ETI (Tool 2) condition bandings based on discrete (bottom and surface) water quality samples obtained from 3

representative subtidal channel sites (see locations in Figure 22 - note uppermost site not within map view). Sampled
values in Appendix B.

Monitoring and Investigations

For “long-length (mouth sometimes closed or restricted) SSRTREs” with significant intertidal and
subtidal habitat comprising poorly flushed/muddy substrata, low nutrient but high sediment loads
and high human use and cultural/ecological values, it is recommended that both broad scale
habitat mapping and fine scale monitoring be undertaken on a long-term basis to assess trends
in estuary ecological condition using the National Estuary Monitoring Protocol (Robertson et al.
2002), plus subsequent improvements (Robertson 2018). Outputs should be compared against
relevant national standards (i.e. NZ ETI; Robertson et al. 2016a,b). In addition, sedimentation
plates, which, over the long-term, will help provide an indicative measure of the rate of sedimenta-
tion in the estuary, should be deployed and monitored annually as per Hunt (2019).

Broad scale habitat mapping documents the key habitats within the estuary, and changes to these
habitats over time. It is typically repeated at 5-yearly intervals. Fine scale monitoring measures the
condition of the high susceptibility intertidal and subtidal habitat through physical, chemical and
biological indicators. It is undertaken once annually for three consecutive years during the period
Nov-March (usually at 2 intertidal and 3-4 subtidal sites), and thereafter at 5-yearly intervals. Both

components have not yet been measured in thiﬁg%stuary.
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4 Summary

Intertidal habitat mapping and associated sampling undertaken in Feb-March 2019, combined with
NZ ETl-based estuary typing and condition ratings, have been used to evaluate overall vulnerabil-
ity of twenty estuaries in the Taranaki Region to sedimentation and eutrophication impacts, and
also inform future monitoring recommendations (Section 5).

Estuary Vulnerability to Eutrophication and Sedimentation

As is characteristic of estuaries on the West Coast of NZ, all twenty of the Taranaki Region estuar-
ies assessed were shallow, short residence time, tidal river estuaries (SSRTRESs), each variable in
size and partially separated from the sea by a range of physical features. The results showed that
each estuary fits into one of four sub-types (based on physical attributes and freshwater inflow),
each with different vulnerabilities to nutrients and fine sediment and therefore long-term monitoring
requirements, as follows:

Estuary Type 1. Short length, low flow SSRTREs - <1 km long, beach located, low freshwater
inflows (<1 m?® s-'), mouth sometimes restricted/closed. Taranaki Region estuaries that fit into this
sub-group included Tapuae, Timaru, Te Henui, and Katikara Estuaries.

* Physical characteristics: Very short length, predominantly beach located SSRTREs con-
sist of relatively narrow channels situated between the upper edge of the beach and the
tidal level. In some situations the channel meanders along the back of the beach for a small
distance before entering the sea, whereas in others the discharge path is more direct. A few
expand into small lagoons around the upper high water area. In very high tides and storm
surges, saline water enters the stream inland of the beach for a small distance. At times the
mouth is often restricted and can sometimes close for short periods, during which time the
upper beach lagoon may expand and show eutrophication/sedimentation symptoms. Of the
20 Taranaki Region estuaries included in this EVA, four were very small Type 1 systems.

* Overall vulnerability: With the exception of Katikara Estuary, which was shown to be highly
vulnerable to eutrophication impacts, Type 1 estuaries were the least vulnerable of the Ta-
ranaki Region estuaries to eutrophication and sedimentation. The main reason for this was
their small size, comparatively low ecological diversity, and regular periods of high flushing
(even though some examples experience periodic mouth closure/restriction). Consequently,
although estimated nutrient and sediment loads to the estuaries were generally large, they
are unlikely to be subjected to prolonged periods of eutrophication and muddiness. Syn-
optic surveys of this estuary type in March 2019 confirmed the absence of symptoms of
eutrophication (i.e. opportunistic macroalgal and/or phytoplankton blooms) or sedimentation
(extensive areas of soft muddy sediments), while Katikara Estuary had phytoplankton issues
as indicated by highly elevated chlorophyll a concentrations throughout the subtidal channel
habitat.

Estuary Type 2. Moderate length, low flow SSRTREs - 1-3 km long, low freshwater inflows (<2
m3 s-'), mouth sometimes restricted/closed. Taranaki Region estuaries that fit into this sub-group
included Waiongana, Mimi, Manawapou, Onaero, Waingongoro, Kaupokonui, Oakura Estuaries.

* Physical characteristics: Moderate length SSRTREs consist of relatively narrow chan-
nels situated between the tidal level and approximately 1-3 km inland. In some situations
the channel meanders along the back of the beach for a distance before entering the sea,
whereas in others the discharge path is more direct. A few expand into small lagoons around
the upper high water area. The estuary mouth is generally open to the sea but in others it is
often closed (e.g. Onaero Estuary).

* Overall vulnerability: Type 2 estuaries which had excessive nutrient/sediment loads and
whose mouths were mostly closed (and therefore very poorly flushed) were identified as
moderately to highly vulnerable. Those that had excessive nutrient/sediment loads, but were
mostly open to the sea were rated as moderately vulnerable. When nutrient/sediment loads
were low and estuaries were open to the sea, estuaries had minimal vulnerability.
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Estuary Type 3. Long length, moderate flow SSRTREs - 3-12 km long, moderate freshwater in-
flows (4-6 m* s-'), mouth always open. Taranaki Region estuaries that fit into this sub-group included
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» Characteristic symptoms of eutrophication were opportunistic macroalgal blooms and/or el-
evated chlorophyll a symptomatic of phytoplankton blooms, with symptoms of sedimenta-
tion being extensive areas of soft fine muddy sediments. The expression of such symptoms
was variable because of the flushing regime - being highly flushed during high flow events,
and poorly flushed during summer low flows when their mouths become restricted and the
upstream waters stratify. This meant that under high nutrient/sediment loads, the estuaries
were likely to exhibit eutrophication and muddiness symptoms only during periods of mouth
constriction and/or poor flushing.

Tangahoe, Urenui, and Mohakatino Estuaries.

Estuary Type 4. Long length, high flow SSRTRESs - 3-12 km long, high freshwater inflows (7-220
m? s-'), mouth always open. Taranaki Region estuaries that fit into this sub-group included Wait-

Physical characteristics: Long SSRTREs, with moderate freshwater inflows and mouths
always open, consist of a relatively narrow channel that extends inland for approximately
3-12 km. In some situations the channel meanders along the back of the beach for a distance
before entering the sea, whereas in others the discharge path is more direct.

Overall vulnerability: Type 3 estuaries all had moderate-high vulnerability (apart from Tan-
gahoe Estuary), primarily reflecting their high sediment loads and soft mud habitat. The main
reason for the moderate eutrophication rating was that, for estuaries where the nutrient load

was excessive, the estuary was likely to oscillate between low and moderate-high levels of

eutrophication; i.e. low levels of eutrophication and sedimentation in winter, and immediately
during and following high flow events in the warmer months, and moderately eutrophic con-
ditions with some sedimentation during summer base-flow conditions. This latter situation

arises from the extensive estuary length and moderate freshwater inflow, which means that

the residence time for water and nutrients is sufficient to allow for phytoplankton blooms un-

der baseflow conditions (given that the time taken for a parcel of water to travel the length of

the estuary under baseflow is ~1-3 days for these estuaries).

otara, Waitara, Patea, Whenuakura, Tongaporutu, and Waiwhakaiho Estuaries.

Physical characteristics: Long SSRTREs, with high freshwater inflows and mouths always
open, consist of relatively narrow channels situated between the tidal level and approximate-

ly 3-12 km inland. In some smaller estuaries the channel meanders along the back of the

beach for a distance before entering the sea, whereas in others the discharge path is more

direct. Some of the smaller estuaries expand into lagoons around the upper high water area.

In the larger examples (e.g. Tongaporutu, Waitara and Patea Estuaries), significant areas of

intertidal flats are found in the mid-lower estuary.

Overall vulnerability: Most of the Type 4 estuaries had high overall vulnerability. This rating
reflects their high nutrient/sediment loads and, in most cases, significant intertidal habitat
already affected by sedimentation (extensive areas of soft muddy sediments), despite the
fact that flushing in these estuaries was found to be high, even during summer low flows (a
consequence of the high freshwater inflows, extensive tidal intrusion, mouths always open
and narrow channels). Although synoptic surveys of each estuary in March 2019 gener-
ally indicated the absence of symptoms of eutrophication (i.e. opportunistic macroalgal and/
or phytoplankton blooms), eutrophic susceptibilities remain high for several of these long
length/high flow systems. It is also noted that the vulnerability of the inshore coastal habitats
from the river plumes of these large estuaries has not been assessed in this report, given it

was outside the study brief.

195 robertson

75



Policy and Planning Committee - Taranaki Estuarine Vulnerability Assessment - consultant report

5 Monitoring Recommendations

To maintain the value of the twenty surveyed Taranaki Region estuaries, and to ensure sufficient
information is available to manage each in relation to the identified vulnerability to eutrophication
and sedimentation, long-term monitoring is recommended for each estuary below and summarised
in Table 2.

For Tongaporutu, Mimi, Urenui, Mohakatino, Waitotara, Waitara and Patea Estuaries, all with
significant intertidal and subtidal habitat comprising poorly flushed/muddy substrata, moderate-
high nutrient/sediment loads and high human use and cultural/ecological values, the following four
components are recommended:

¢ Broad scale habitat mapping to document dominant estuary features (e.g. substratum,
seagrass, saltmarsh, macroalgae) and monitor changes over time. It is typically repeated at
5-yearly intervals;

* Fine scale monitoring measures the condition of representative intertidal sediments
(usually the dominant substrata type as well as deposition zones where sedimentation and
eutrophication symptoms are more likely to be expressed) and subtidal channel habitat using
a suite of physical, chemical and biological indicators. It is undertaken once annually for
three consecutive years during the period Nov-March (usually at 2 intertidal and 3-4 subtidal
sites), and thereafter at 5-yearly intervals;

* Annual sedimentation rate (including grain size) monitoring measures sedimentation
trends within the estuary over time. Sediment plates should be deployed and monitored
annually as per Hunt (2019);

¢ High level data on dominant changes in catchment landuse to track changes in high
risk activities (e.g. land disturbance, point source discharges), and facilitate estimates of
changes to naturally occurring catchment inputs of sediment, nutrients and other stressors
(e.g. pathogens) likely from human influenced land disturbance.

For Katikara, Oakura and Whenuakura Estuaries, where overall eutrophication vulnerability is
high, it is recommended that:

¢ Annual monitoring of targeted eutrophication indicators (intertidal and subtidal channel)
be undertaken to provide data on long-term trophic state trends. To address potential for
eutrophication, it is recommended that relevant water column and sediment-based indicators
be monitored monthly during the period Nov-March each year at 1-2 sites representative of
general conditions (e.g. mid-upper estuary) and at the same time, intertidal/shallow subtidal
macroalgal cover be assessed throughout the intertidal/shallow subtidal estuary. This
monitoring may cease if, after 1-2 years, eutrophication is not found to be a persistent issue
in the estuaries. Because these estuaries are generally flushed regularly by high flow events,
it is recommended that long-term monitoring for sedimentation be limited to low frequency
(5-yearly), broad scale, screening level assessments only.

For Tapuae, Timaru, Te Henui, Waiongana, Manawapou, Onaero, Waingongoro, Kaupokonui,
Tangahoe and Waiwhakaiho Estuaries, all of which had very low overall vulnerabilities to both
sedimentation and eutrophication, we recommend:

 Low frequency, screening level monitoring only. To address the low potential for
eutrophication/sedimentation issues (including both benthic and water column effects), it is
recommended that low frequency (once every 10 years), screening level (synoptic) monitoring
be undertaken to confirm that these low risk estuaries have not changed their vulnerability
ratings.

The monitoring proposed, based on the NEMP framework, has been successfully applied to
establish estuary monitoring priorities throughout NZ, and underpins the NZ ETI. Adopting a
nationally consistent approach ensures the TRC benefit directly from work undertaken in other
regions, as well as from established tools and existing national data, indicators and thresholds.
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Table 2. Summary of NZ ETl-based susceptibility, current condition and overall vulnerability ratings, and monitoring recommendations, for
twenty Taranaki Region estuaries, 2019. * See further details in ‘Estuary Monitoring Recommendations’ (Section 4.2).

Sub-
Type'

SSRTRE Type 1

SSRTRE
ST SSRTRE Type 2

SSRTRE Type 4

Estuary

Tapuae
Timaru

Te Henui
Katikara
Waiongana
Mimi
Manawapou
Onaero
Waingongoro
Kaupokonui
Oakura
Tangahoe
Urenui
Mohakatino
Waitotara
Waitara
Patea
Whenuakura
Tongaporutu

Waiwhakaiho

Coastal Stressor

Overall
. . ... Vulner- Recommended
Sedimentation Eutrophication o L
- ability Monitoring*
Suscepti- ! Suscepti- L
biIitp Condition biIitp Condition
y (2019) o (2019)
Minimal Minimal
Minimal Minimal Synoptic monitoring only
Minimal Minimal -

High Mod-High  Eutrophication-targeted monitoring

Minimal - Synoptic monitoring only

High Broad- & fine-scale monitoring

Minimal Minimal
Minimal

Minimal Minimal Minimal

Minimal

Mod-High

Synoptic monitoring only
Minimal

Minimal Minimal -
High Mod-High Eutrophication-targeted monitoring
Minimal Minimal - Synoptic monitoring only

Mod-High High
Mod-High _ Minimal Minimal Mod-High Broad- & fine-scale monitoring
Mod-High _ Minimal _ Mod-High

Mod-High High

Minimal Mod-High Eutrophication-targeted monitoring

_ High Broad- & fine-scale monitoring
Minimal - Synoptic monitoring only

Mod-High High

Monitoring
Frequency

10-yearly
Annually

10-yearly

3-year baseline, 5-yearly

10-yearly

Annually
10-yearly

3-year baseline, 5-yearly

Annually
3-year baseline, 5-yearly

10-yearly
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7 Limitations

This document does not include any comprehensive assessment or consideration of ecological
conditions within the subtidal benthic environment of the Taranaki Region estuaries assessed, and
water quality sampling was carried out at a site-specific scale and represent a single point in time
only. Regarding the latter, from a technical perspective, the overlying water environment outside of
areas sampled may present substantial uncertainty. It is a changeable, heterogeneous, complex
environment, in which small changes in environmental conditions can have substantial impacts
on associated physicochemical conditions and biology. We also note that the vulnerability of the
inshore coastal habitats from the river plume has not been assessed in this report, given it was
outside the study brief. Robertson Environmental’s professional opinions are based on its profes-
sional judgement, experience, and training. These opinions are also based upon data derived
from the monitoring and analysis described in this document, with the support of relevant national
standards (e.g. NZ ETI; Robertson et al. 2016a,b). It is possible that additional testing and analyses
might produce different results and/or different opinions. Should additional information become
available, this report should be updated accordingly. Robertson Environmental Limited has relied
upon information provided by the Client to inform parts of this document, some of which has not
been fully verified by Robertson Environmental Limited. This document may be transmitted, repro-
duced or disseminated only in its entirety.
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Appendix A:

Major Issues Facing NZ Estuaries
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Eutrophication is a process that adversely affects the high value biological components of an
estuary, in particular through the increased growth, primary production and biomass of phy-
toplankton, macroalgae (or both); loss of seagrass, changes in the balance of organisms; and
water quality degradation. The consequences of eutrophication are undesirable if they appre-
ciably degrade ecosystem health and/or the sustainable provision of goods and services (Fer-
riera et al. 2011). Susceptibility of an estuary to eutrophication is controlled by factors related to
hydrodynamics, physical conditions and biological processes (National Research Council, 2000)
and hence is generally estuary-type specific. However, the general consensus is that, subject
to available light, excessive nutrient input causes growth and accumulation of opportunistic fast
growing primary producers (i.e. phytoplankton and opportunistic red or green macroalgae and/
or epiphytes - Painting et al. 2007). In nutrient-rich estuaries, the relative abundance of each of
these primary producer groups is largely dependent on flushing, proximity to the nutrient source,
and light availability. Notably, phytoplankton blooms are generally not a major problem in well
flushed estuaries (Valiela et al. 1997), and hence are not common in the majority of NZ estuar-
ies. Of greater concern are the mass blooms of green and red macroalgae, mainly of the gen-
era Cladophora, Ulva, and Gracilaria which are now widespread on intertidal flats and shallow
subtidal areas of nutrient-enriched New Zealand estuaries. They present a significant nuisance
problem, especially when loose mats accumulate on shorelines and decompose, both within the
estuary and adjacent coastal areas. Blooms also have major ecological impacts on water and
sediment quality (e.g. reduced clarity, physical smothering, lack of oxygen), affecting or displac-
ing the animals that live there (Anderson et al. 2002, Valiela et al. 1997).

Recommended Indicators Method

Broad scale mapping - macroalgal cover/biomass over

Macroalgal Cover/Biomass .
time.

Phytoplankton (water column) Chlorophyll a concentration (water column).

Chemical analysis of sediment total nitrogen, total phos-

Sediment Organic and Nutrient Enrichment : .
phorus, and total organic carbon concentrations.

Chemical analysis of various forms of N and P (water

Water Column Nutrients
column).

Redox potential discontinuity profile (RPD) using visual
method (i.e. apparent Redox Potential Depth - aRPD)
and/or redox probe. Note: Total Sulphur is also a robust
indicator of benthic trophic status.

Redox Profile

Type and number of animals living in the upper 15 cm
of sediments (infauna in 0.0133 m? replicate cores), and
on the sediment surface (epifauna in 0.25 m? replicate
quadrats).

Biodiversity of Bottom Dwelling Animals
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Sedimentary changes influence the ecology of estuaries. Because they are a sink for sedi-
ments, their natural cycle is to slowly infill with fine muds and clays. Prior to European settle-
ment they were most likely dominated by sandy sediments and had low sedimentation rates
(e.g. <1 mml/year). In the last 150 years, with catchment clearance, wetland drainage, and
land development for agriculture and settlements, NZ’s estuaries have begun to infill rapidly
with fine sediments. Today, average sedimentation rates in our estuaries are typically 10
times or more higher than before humans arrived (e.g. see Abrahim 2005, Gibb and Cox
2009, Robertson and Stevens 2007a, 2010b, and Swales and Hume 1995). Soil erosion and
sedimentation can also contribute to turbid conditions and poor water quality, particularly in
shallow, wind-exposed estuaries where re-suspension is common. These changes to water
and sediment result in negative impacts to estuarine ecology that are difficult to reverse.
They include:

* habitat loss such as the infilling of saltmarsh and tidal flats;

« prevention of sunlight from reaching aquatic vegetation such as seagrass meadows;

* increased toxicity and eutrophication by binding toxic contaminants (e.g. heavy metals
and hydrocarbons) and nutrients;

+ a shift towards mud-tolerant benthic organisms which often means a loss of sensitive
shellfish (e.g. pipi) and other filter feeders;

* making the water unappealing to swimmers.

Recommended Indicators Method

GIS Based Broad scale mapping - estimates the area and

e el e change in soft mud habitat over time.

GIS Based Broad scale mapping - estimates the area and

SRS AP EES change in seagrass habitat over time.

GIS Based Broad scale mapping - estimates the area and

SEIHIETED (A change in saltmarsh habitat over time.

Mud Content Grain size - estimates the % mud content of sediment.
Water Clarity/Turbidity Secchi disc water clarity or turbidity.
Sediment Toxicants Sediment heavy metal concentrations (see toxicity section).

Fine scale measurement of sediment infilling rate (e.g. using

Sedimentation Rate .
sediment plates).

Type and number of animals living in the upper 15 cm of sedi-

Biodiversity of Bottom ments (infauna in 0.0133 m? replicate cores), and on the sedi-
Dwelling Animals ment surface (epifauna in 0.25 m? replicate
quadrats).
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Habitat Loss impacts estuaries and their many different types of high value habitats including
shellfish beds, seagrass meadows, saltmarshes (rushlands, herbfields, reedlands etc.), tidal flats,
forested wetlands, beaches, river deltas, and rocky shores. The continued health and biodiversity of
estuarine systems depends on the maintenance of high-quality habitat. Loss of such habitat nega-
tively affects fisheries, animal populations, filtering of water pollutants, and the ability of shorelines
to resist storm-related erosion. Within New Zealand, habitat degradation or loss is common-place
with the major causes being sea level rise, population pressures on margins, dredging, drainage,
reclamation, pest and weed invasion, reduced flows (damming and irrigation), over-fishing, polluted

runoff, and wastewater discharges (IPCC 2007 and 2013, Kennish 2002).

Recommended Indicators

Saltmarsh Area

Seagrass Area

Vegetated Terrestrial Buffer

Shellfish Area

Unvegetated Habitat Area

Sea level

Others e.g. Freshwater Inflows, Fish

Surveys, Floodgates,
Wastewater Discharges

Method

Broad scale mapping - estimates the area and change in salt-
marsh habitat over time.

Broad scale mapping - estimates the area and change in sea-
grass habitat over time.

Broad scale mapping - estimates the area and change in buffer
habitat over time.

Broad scale mapping - estimates the area and change in shell-
fish habitat over time.

Broad scale mapping - estimates the area and change in unveg-
etated habitat over time, broken down into the different substrata
types.

Measure sea level change.

Various survey types.
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Toxic Contamination has become an issue in the last 60 years, as NZ has seen a huge
range of synthetic chemicals introduced to the coastal environment through urban and agri-
cultural stormwater runoff, groundwater contamination, industrial discharges, oil spills, anti-
fouling agents, leaching from boat hulls, and air pollution. Many of them are toxic even in min-
ute concentrations, and of particular concern are polycyclic aromatic hydrocarbons (PAHs),
heavy metals, polychlorinated biphenyls (PCBs), endocrine disrupting compounds, and pes-
ticides. When they enter estuaries these chemicals collect in sediments and bio-accumulate
in fish and shellfish, causing health risks to marine life and humans. In addition, natural toxins
can be released by macroalgae and phytoplankton, often causing mass closures of shellfish
beds, potentially hindering the supply of food resources, as well as introducing economic
implications for people depending on various shellfish stocks for their income. For example,
in 1993, a nationwide closure of shellfish harvesting was instigated in NZ after 180 cases
of human iliness following the consumption of various shellfish contaminated by a toxic di-
noflagellate, which also lead to wide-spread fish and shellfish deaths (de Salas et al. 2005).
Decay of organic matter in estuaries (e.g. macroalgal blooms) can also cause the production
of sulphides and ammonia at concentrations exceeding ecotoxicity thresholds.

Recommended Indicators Method

Bathing water and shellfish disease risk monitoring. Note dis-
ease risk indicators on the Marlborough coast are assessed
separately in MDC’s recreational water quality monitoring pro-
gramme.

Shellfish and Bathing Water
faecal coliforms, viruses, proto-
zoa etc.

Chemical analysis of suspected contaminants in body of at-risk

Biota Contaminants biota (e.g. fish, shellfish).

Type and number of animals living in the upper 15 cm of sedi-
ments (infauna in 0.0133 m? replicate cores), and on the sedi-
ment surface (epifauna in 0.25 m? replicate quadrats).

Biodiversity of Bottom Dwelling
Animals
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Appendix B:

Detailed Data Taranaki Region Estuaries
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Mohakatino 3 0.321 47 17 131 54 20 173 457 2.6
Tongaporutu 4 0.582 98 38 280 134 48 362 630 2.6
Mimi 2 0.103 50 31 106 91 43 186 2429 3.5
Urenui 3 0.212 52 56 92 85 66 149 1102 3.2
Onaero 2 0.026 34 26 36 69 36 75 7302 42
Waitara 4 0.567 519 198 561 2030 272 1109 9807 4.0
Waiongana 2 0.09 72 9 5 557 13 16 16956 6.4
Waiwhakaiho 4 0.106 97 19 13 403 21 26 10408 3.9
Te Henui 1 0.017 16 2 2 73 2 4 11732 4.1
Tapuae 1 0.01 18 2 1 117 2 4 32055 6.3
Oakura 2 0.026 22 4 5 73 5 9 7692 3.5
Timaru 1 0.019 16 2 3 58 3 5 8421 3.1
Katikara 1 0.016 13 1 1 63 2 3 10736 45
Kaupokonui 2 0.038 83 10 6 583 14 15 42033 5.2
Waingongoro 2 0.016 116 27 5 863 27 16 147808 6.5
Tangahoe 3 0.018 43 5 31 110 16 52 16758 34
Manawapou 2 0.018 41 5 30 110 16 53 16758 3.5
Patea 4 0.491 375 65 241 1258 124 469 7020 3.9
Whenuakura 4 0.323 155 51 259 260 66 326 2207 25
Waitotara 4 0.98 356 94 812 439 139 1132 1228 2.8

1 Estimates sourced from NIWA's CLUES - REC2 default setting (current loads) and all landuse set to native forest cover (natural state loads).
2 50% reduction applied to natural state component to account for expected nutrient uptake and retention in wetlands present under natural state.
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Input data for NZ ETI Tool 1: Determining susceptibility of estuaries to eutrophication. Detailed metadata descriptions available at https://
shiny.niwa.co.nz/Estuaries-Screening-Tool-1/. Field data was used to inform parameter values (V, P, Intertidal, est_area_m2, mean_depth) as appropriate.

Est_name

Waitotara
Waitara
Patea
Whenuakura
Tangahoe
Tongaporutu
Waiongana
Waiwhakaiho
Mimi River
Urenui River
Maohakatino
Manawapou
Onaero
Waingongoro
Kaupokonui
Oakura
Tapuae
Timaru

Te Henui

Katikara

ETIL_
class

SSRTRE
SSRTRE
SSRTRE
SSRTRE
SSRTRE
SSRTRE
SSRTRE
SSRTRE
SSRTRE
SSRTRE
SSRTRE
SSRTRE
SSRTRE
SSRTRE
SSRTRE
SSRTRE
SSRTRE
SSRTRE
SSRTRE
SSRTRE

Qf?

443
57.3
29.5
10.2
6.7
9.3
4.8
12.1
3.6
4.4
5.0
2.9
2.4
7.2
3.1
2.7
1.2
1.8
1.2
1.0

N
river
439
2030
1258
260
110
134
557
403
91
85
54
110
69
863
583
73
117
58
73
63

TP
riv-
er

139
272
124
66
16
48
13
21
43
66
20
16
36
27

14

2
2

1960000
1701000
1473000
646000
27000
1164000
135000
15900
257500
530000
963000
27000
39000
24000
57000
65000
15000
19000
25500
24000

1372000
1190700
1031100
452200
18900
814800
94500
11130
180250
371000
674100
18900
27300
16800
39900
45500
10500
13300
17850
16800

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

A1

-0.466876
-0.504925
-0.507392
-0.517324
-0.495041
-0.518357
-0.451837
-0.501954
-0.538245
-0.440671
-0.496849
-0.495041
-0.495041
-0.495041
-0.495041
-0.495041
-0.495041
-0.495041
-0.495041

-0.495041

" Estimated based on Taranaki Region SSRTREs with comparable physical properties and freshwater inflows.
2 Supplied by Taranaki Region Council.

B1

164.38
172.42
196.82
161.16
179.46
171.02
184.75
182.35
174.16
171.69
228.30
179.46
179.46
179.46
179.46
179.46
179.46
179.46
179.46

179.46

R. R_
NO3 DRP
07 07
07 | 07
07 | 07
0.7 07
07 07
07 07
07 08
07 07
06 0.7
05 07
07 07
07 07
07 | 07
07 07
07 | 07
07 | 07
07 07
0.7 | 07
07 07
07 07

Ocean-
Salin-

ity_
mean
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35

N

Ocean Ocean

16.6
18.6
16.2
16.2
18.7
211
18.3
18.7
20.2
20.0
21.2
18.7
18.7
18.7
18.7
18.7
18.7
18.7
18.7

18.7

P

7.3
7.1
7.3
7.3
7.2
7.1
7.1
7.2
7.1
71
71
7.2
7.2
7.2
7.2
7.2
7.2
7.2
7.2

7.2

37.0
54.0
57.0
63.0
53.0
61.0
49.0
69.0
52.0
57.0
37.0
65.0
60.0
52.0
44.0
36.0
49.0

56.0

Tl

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

est

area_
m2

980000
567000
491000
323000
18000
582000
90000
10600
103000
212000
321000
18000
26000
16000
38000
26000
10000
19000
17000
16000

mean_

depth height

2.0
3.0
3.0
2.0
1.5
2.0
1.5
1.5
2.5
2.5
3.0
1.5
1.5
1.5
1.5
2.5
1.5
1.0
1.5
1.5

tidal_

1.4
2.1
2.1
1.4
1.1
1.4
1.1
1.1
1.8
1.8
2.1
1.1
1.1
1.1
1.1
1.8
1.1
0.7
1.1
1.1
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Input data for NZ ETI Tool 2: ETI Tool 2: Assessing estuary trophic state using measured trophic indicators. Detailed metadata

descriptions available at https://shiny.niwa.co.nz/Estuaries-Screening-Tool-2/.

estuary_name

Urenui

Mimi
Waitotara
Waitara
Patea
Whenuakura
Tangahoe
Tongaporutu
Waiongana
Waiwhakaiho
Mohakatino
Manawapou
Onaero
Waingongoro
Kaupokonui
Oakura
Tapuae
Timaru

Te Henui

Katikara

1 1-day mean based on measurement of surface and bottom waters within subtidal channel habitat, March 2019.

CHLA'

3.49
3.28
3.02
242
1.95
2.47
2.65
1.32
2.25
1.68
3.88
2.67
8.28
2.3
1.58
20.33
9.95
8.03
2.48

21.53

macroal-
gae_GNA_
ha

o | ©o | o

o

0
0

macroal-
gae_GNA _
percent

0
0

macroal-
gae_EQR

0.97

1

1
1

DO’

6.12
5.97
7.84
9.22
7.77
7.36
8.25
6.06
7.77
10.96
7.15
8.06
5.41
11.37
8.18
9.27
13.95
8.81
9.35

13.9

REDOX

TOC

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

TN

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

AMBI

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

soft_mud

0.392
0.229
0.34
0.26
0.23
0.02
0
0.23
0.02
0.01

0.34

o

o o | o o

estuary_
type
SSRTRE
SSRTRE
SSRTRE
SSRTRE
SSRTRE
SSRTRE
SSRTRE
SSRTRE
SSRTRE
SSRTRE
SSRTRE
SSRTRE
SSRTRE
SSRTRE
SSRTRE
SSRTRE
SSRTRE
SSRTRE
SSRTRE
SSRTRE
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Summary of geology in catchments surrounding the Taranaki Region estuaries assessed'.

Urenui

Mimi

Waitotora

Waitara

Patea

Catchment
Massive mudstone

Ash (older than Taupo
ash)

Massive sandstone
Catchment

Alluvial

Massive mudstone

Ash (older than Taupo
ash)

Massive sandstone
Catchment
Alluvial

Loess
Mudstone
Massive mudstone

Ash (older than Taupo
ash)

Peat

Massive sandstone
Windblown sand
Catchment

Alluvial

Mudstone

Massive mudstone

Ash (older than Taupo
ash)

Massive sandstone

Catchment
Alluvial
Mudstone

Massive mudstone

Ash (older than Taupo
ash)

Peat
Massive sandstone

' Data provided by Taranaki Regional Council.

Area

(km?)
132.7
71.8

22.0

32.5
133.4
1.3
26.7

28.8

66.5
1185.0

30.8

4.3
14.3
15.4

1M11.7

0.9

973.8
31.6
1139.3

26.4

27.8
22.5

528.2

474.2

1046.3
48.3

0.0

3.3

373.8

14.6
591.1

% catchment
54%

17%

24%

% catchment
9%
20%

22%

50%
% catchment

3%

0%
1%
1%

9%

0%

82%
3%
% catchment

2%

2%

2%

46%

42%

% catchment
5%

0%

0%

36%

1%
56%

211

Waiongana

Waiwhakaiho

Mohakatino

Manawapou

Onaero

Waingongoro

Kaupokonui

Catchment
Mudstone
Peat

Catchment
Alluvial / Gravels
Mudstone

Lahar deposits
Catchment

Alluvial
Mudstone

Massive sand-
stone

Catchment
Alluvial
Mudstone

Massive sand-
stone

Unconsolidated

gravels and sands

Catchment
Alluvial

Massive mudstone

Massive sand-
stone

Ash (older than
Taupo ash)
Catchment

Ash (older than
Taupo ash)
Lavas & welded
ignimbrites
Peat
Catchment

Ash (older than
Taupo ash)
Lavas & welded
ignimbrites

Taupo & Kaha-
raoa breccias
older than Taupo
breccia

Lahar deposits

Area
(km?)
158.9
152.1

1.0

145.1
5.3
112.6
1.3

122.6

8.5
7.4

106.7

122.3
1.9
66.6

45.8

7.7

89.8
4.4
341

40.3
219.1

196.3

2.9

10.2
146.9

110.4

6.9

8.6

4.7

% catchment
96%

1%

% catchment
1%
78%

3%

% catchment

7%
6%

87%

% catchment
2%
54%

37%

6%

% catchment
5%
38%

12%

45%

% catchment

90%

1%

5%
% catchment

75%

5%

6%

3%
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Summary of geology in catchments surrounding the Taranaki Region estuaries assessed'.

Whenu-
akura

Tangahoe

Tonga-
porutu

! Data provided by Taranaki Regional Council.

Catchment
Alluvial

Massive mudstone

Massive sandstone
Catchment

Alluvial

Mudstone
Massive mudstone

Peat

Massive sandstone
Catchment

Alluvial

Mudstone
Massive mudstone

Peat

Massive sandstone

Area
(km?)
468.6

7.0

98.6
359.5

297.6

4.8
9.0

164.9

6.7
99.1

2713

8.5
0.3

32.9

0.0

229.7

% catchment
1%

21%

7%

% catchment

2%

3%

55%

2%

33%

% catchment

3%

0%

12%

0%

85%

212

Oakura

Tapuae

Timaru

Te Henui

Katikara

Catchment
Ash (older than
Taupo ash)
Lavas & welded
ignimbrites
Catchment
Ash (older than
Taupo ash)
Lavas & welded
ignimbrites
Catchment
Ash (older than
Taupo ash)
Lavas & welded
ignimbrites
Catchment
Ash (older than
Taupo ash)

Massive sand-
stone

Catchment

Ash (older than
Taupo ash)

Massive sand-
stone

Area
(km?)
44 1

42.2

1.4
31.9

31.8

0.1
314

30.7

0.5
284

24.9

3.5
22.0

21.9

0.1

% catchment

96%

3%

% catchment

100%

0.3%
% catchment
98%

2%

% catchment

88%

12%
% catchment

99%

1%
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Summary of subtidal water quality data'.

Water Column Position Location
Estuary Site Parameter
Bottom Surface NZTM North NZTM East
Depth (m) 0.6 0.2
Temp (°C) 20.4 -
DO (%) 106.8 -
Low Estuary DO (mg m) 7.8 - 1720484 5683261
Salinity (ppt) 30.6 -
PC RFU 0.0 -
Chla (ug I'") 1.5 -
Depth (m) 1.3 0.2
Temp (°C) 20.5 20.5
DO (%) 106.6 107.1
Urenui Middle Estuary | DO (mg m3) 7.8 7.8 1720484 5683259
Salinity (ppt) 30.7 5.9
PC RFU 0.0 0.0
Chla (ug I'") 1.2 1.4
Depth (m) 23 0.2
Temp (°C) 20.3 22.3
DO (%) 80.3 91.0
Upper Estuary DO (mg m) 6.1 7.6 1722523 5682929
Salinity (ppt) 28.2 2.7
PC RFU 0.1 0.3
Chla (ug I'") 42 6.3
Depth (m) 2.0 0.2
Temp (°C) 19.2 18.5
DO (%) 93.4 86.9
Low Estuary DO (mg m) 7.2 7.7 1724812 5686241
Salinity (ppt) 35.2 10.8
PC RFU 0.1 0.1
Chla (ug I'") 1.8 21
Depth (m) 1.2 0.2
Temp (°C) 19.5 18.7
DO (%) 90.1 85.9
Mimi Middle Estuary | DO (mg m?3) 6.8 7.6 1725022 5686348
Salinity (ppt) 30.2 10.5
PC RFU 0.1 0.2
Chla (ug I'") 3.3 3.3
Depth (m) 23 0.2
Temp (°C) 19.5 17.6
DO (%) 79.1 79.1
Upper Estuary DO (mg m) 6.0 7.4 1725634 5686117
Salinity (ppt) 30.7 45
PC RFU 0.1 0.2
Chla (ug I') 3.0 3.5

T All sampling undertaken at mid-low tide using an EXO1 (Sonde 15F103960; Serial Number: 15F103960; Firmware Version: 1.0.73), Feb 26" - March 4™ 2019,
Taranaki.
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Summary of subtidal water quality data'.

Water Column Position Location
Estuary Site Parameter
Bottom Surface NZTM North NZTM East
Depth (m) 2.0 0.2
Temp (°C) 19.4 20.7
DO (%) 86.7 91.2
Low Estuary DO (mg m?) 71 7.6 1744999 5588387
Salinity (ppt) 19.4 10.8
PC RFU 0.1 0.4
Chla (ug I'") 25 5.2
Depth (m) 22 0.2
Temp (°C) 20.4 20.2
DO (%) 84.3 83.2
Waitotara Middle Estuary DO (mg m) 7.6 7.5 1747836 5589260
Salinity (ppt) 0.2 0.3
PC RFU 0.3 0.5
Chla (ug I'") 3.2 4.4
Depth (m) 2.0 0.2
Temp (°C) 20.1 201
DO (%) 95.1 94.6
Upper Estuary DO (mg m?) 8.6 8.6 1748593 5592321
Salinity (ppt) 0.2 0.2
PC RFU 0.1 0.0
Chla (ug I'") 1.4 1.4
Depth (m) 4.0 0.2
Temp (°C) 19.3 20.5
DO (%) 106.6 104.1
Low Estuary DO (mg m) 8.0 9.2 1706451 5683599
Salinity (ppt) 35.2 3.8
PC RFU 0.2 0.1
Chla (ug I'") 25 21
Depth (m) 2.2 0.2
Temp (°C) 20.4 20.5
DO (%) 1M11.7 110.3
Waitara Middle Estuary DO (mg m) 9.5 9.7 1707200 5682576
Salinity (ppt) 10.1 10.0
PC RFU 0.1 0.1
Chla (ug I'") 24 25
Depth (m) 2.0 0.2
Temp (°C) 19.1 19.1
DO (%) 103.1 104.7
Upper Estuary DO (mg m3) 9.4 9.6 1707493 5681336
Salinity (ppt) 22 2.3
PC RFU 0.1 0.1
Chla (ug I'") 24 2.6

T Al sampling undertaken at mid-low tide using an EXO1 (Sonde 15F103960; Serial Number: 15F103960; Firmware Version: 1.0.73), Feb 26" - March 4™ 2019,
Taranaki.
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Summary of subtidal water quality data’.

Water Column Position Location
Estuary Site Parameter
Bottom Surface NZTM North NZTM East
Depth (m) 4.0 0.2
Temp (°C) 19.6 204
DO (%) 94.2 95.9
Low Estuary DO (mg m?) 7.7 7.8 1727540 5596823
Salinity (ppt) 34.6 17.7
PC RFU 0.1 0.1
Chla (ug I'") 1.9 1.9
Depth (m) 5.0 0.2
Temp (°C) 19.7 20.3
DO (%) 94.2 95.9
Patea Middle Estuary DO (mg m?) 7.7 7.8 1727262 5597497
Salinity (ppt) 17.7 17.7
PC RFU 0.1 0.1
Chla (ug I'") 1.9 1.9
Depth (m) 2.0 0.2
Temp (°C) 19.8 19.6
DO (%) 95.1 94.0
Upper Estuary DO (mg m3) 8.0 7.6 1726837 5598645
Salinity (ppt) 12.8 16.1
PC RFU 0.1 0.1
Chla (ug I'") 1.6 25
Depth (m) 2.0 0.2
Temp (°C) 19.2 18.5
DO (%) 93.4 86.9
Low Estuary DO (mg m3) 7.2 7.7 1729461 5595530
Salinity (ppt) 35.2 10.8
PC RFU 0.1 0.1
Chla (ug I'") 1.8 21
Depth (m) 3.0 0.2
Temp (°C) 18.3 20.7
DO (%) 95.3 97.9
Whenuakura  Middle Estuary DO (mg m) 7.3 8.6 1730317 5595794
Salinity (ppt) 34.8 3.5
PC RFU 0.2 0.2
Chla (ug I'") 4.1 1.6
Depth (m) 3.0 0.2
Temp (°C) 19.5 17.6
DO (%) 79.1 79.1
Upper Estuary DO (mg m?) 6.0 7.4 1730222 5596645
Salinity (ppt) 30.7 4.5
PC RFU 0.1 0.2
Chla (ug I'") 4.0 1.2

T Al sampling undertaken at mid-low tide using an EXO1 (Sonde 15F103960; Serial Number: 15F103960; Firmware Version: 1.0.73), Feb 26" - March 4" 2019,
Taranaki.
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Summary of subtidal water quality data'.

. Water Column Position Location
Estuary Site Parameter
Bottom Surface NZTM North NZTM East
Depth (m) 0.2
Temp (°C) 16.2
DO (%) 110.7
Low Estuary DO (mg m?) 10.9 1715938 5609523
Salinity (ppt) 0.2
PC RFU 0.1
Chla (ug I'") 1.7
Depth (m) 1.5 0.2
Temp (°C) 15.9 15.0
DO (%) 110.0 113.7
Tangahoe Middle Estuary DO (mg m3) 10.9 11.2 1715965 5609607
Salinity (ppt) 0.2 0.2
PC RFU 0.2 0.2
Chla (ug I'") 57 3.2
Depth (m)
Temp (°C)
DO (%)
Upper Estuary DO (mg m?)
Salinity (ppt)
PC RFU
Chla (ug I'")
Depth (m) 0.2
Temp (°C) 19.2
DO (%) 99.4
Low Estuary DO (mg m) 7.3 1738684 57021128
Salinity (ppt) 35.2
PC RFU 0.0
Chla (ug I'") 0.9
Depth (m) 3.0 0.2
Temp (°C) 20.5 20.4
DO (%) 99.4 99.4
Tongaporutu Middle Estuary DO (mg m?3) 7.3 7.3 1738586 5701588
Salinity (ppt) 34.2 331
PC RFU 0.0 0.0
Chla (ug I'") 1.1 1.2
Depth (m) 3.0 0.2
Temp (°C) 18.9 19.9
DO (%) 90.1 89.3
Upper Estuary DO (mg m3) 7.0 7.5 1738890 5699500
Salinity (ppt) 28.4 14.9
PC RFU 0.1 0.1
Chla (ug I'") 23 2.4

T Al sampling undertaken at mid-low tide using an EXO1 (Sonde 15F103960; Serial Number: 15F103960; Firmware Version: 1.0.73), Feb 26" - March 4" 2019,
Taranaki.
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Summary of subtidal water quality data'.

. Water Column Position Location
Estuary Site Parameter
Bottom Surface NZTM North NZTM East

Depth (m) 0.2
Temp (°C) 20.0
DO (%) 119.2

Low Estuary DO (mg m?3) 10.5 1702464 5682884
Salinity (ppt) 4.7
PC RFU 0.2
Chla (ug I'") 3.8
Depth (m) 3.0 0.2
Temp (°C) 17.9 18.3
DO (%) 108.1 106.0

Waiongana Middle Estuary DO (mg m?) 10.2 9.9 1703188 5682285

Salinity (ppt) 0.1 0.1
PC RFU 0.2 0.2
Chla (ug I'") 3.7 1.5
Depth (m)
Temp (°C)
DO (%)

Upper Estuary DO (mg m?)
Salinity (ppt)
PC RFU
Chla (ug I'")
Depth (m) 2.0 0.2
Temp (°C) 19.8 215
DO (%) 120.9 123.9

Low Estuary DO (mg m®) 11.0 10.9 1696403 5678453
Salinity (ppt) 0.1 0.1
PC RFU 0.1 0.5
Chla (ug I'") 1.5 1.8
Depth (m)
Temp (°C)
DO (%)

Waiwhakaiho  Middle Estuary DO (mg m?3)
Salinity (ppt)
PC RFU
Chla (ug I'")
Depth (m)
Temp (°C)
DO (%)

Upper Estuary DO (mg m3)

Salinity (ppt)
PC RFU
Chla (ug I'")

T Al sampling undertaken at mid-low tide using an EXO1 (Sonde 15F103960; Serial Number: 15F103960; Firmware Version: 1.0.73), Feb 26" - March 4™ 2019,
Taranaki.
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Summary of subtidal water quality data'.

. Water Column Position Location
Estuary Site Parameter
Bottom Surface NZTM North NZTM East
Depth (m) 1.0 0.2
Temp (°C) 19.1 19.1
DO (%) 93.1 93.0
Low Estuary DO (mg m=) 71 7.1 1740302 5711749

Salinity (ppt) 32.0 32.0
PC RFU 0.2 0.2
Chla (ug I'") 5.5 4.8
Depth (m) 2.0 0.2
Temp (°C) 17.9 17.9
DO (%) 93.7 93.8

Mbhakatino Middle Estuary DO (mg m3) 7.2 7.2 1740739 5710974
Salinity (ppt) 35.3 35.1
PC RFU 0.1 0.2
Chla (ug I'") 21 3.1
Depth (m)
Temp (°C)
DO (%)

Upper Estuary DO (mg m?)
Salinity (ppt)
PC RFU
Chla (ug I'")
Depth (m) 1.0
Temp (°C) 16.0
DO (%) 110.5
Low Estuary DO (mg m) 10.1 1715938 5609524

Salinity (ppt) 0.1
PC RFU 0.1
Chla (ug I'") 1.7
Depth (m) 20 0.2
Temp (°C) 15.9 15.0
DO (%) 110.6 113.7

Manawapou Middle Estuary DO (mg m?3) 10.9 11.2 1715968 5609607
Salinity (ppt) 0.1 01
PC RFU 0.3 0.2
Chla (ug I'") 5.8 3.2
Depth (m)
Temp (°C)
DO (%)

Upper Estuary DO (mg m3)
Salinity (ppt)
PC RFU
Chla (ug I'")

T Al sampling undertaken at mid-low tide using an EXO1 (Sonde 15F103960; Serial Number: 15F103960; Firmware Version: 1.0.73), Feb 26" - March 4% 2019,
Taranaki.
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Summary of subtidal water quality data'.

Water Column Position Location
Estuary Site Parameter
Bottom Surface NZTM North NZTM East
Depth (m) 0.5
Temp (°C) 22.0
DO (%) 54.5
Low Estuary DO (mg m?3) 3.9 1718288 5682899
Salinity (ppt) 33.1
PC RFU 0.3
Chla (ug I'") 8.1
Depth (m) 0.5
Temp (°C) 21.7
DO (%) 81.2
Onaero Middle Estuary DO (mg m3) 6.9 1718300 5682691
Salinity (ppt) 26.9
PC RFU 0.5
Chla (ug I'") 8.5
Depth (m)
Temp (°C)
DO (%)
Upper Estuary DO (mg m?)
Salinity (ppt)
PC RFU
Chla (ug I'")
Depth (m) 2.0 0.2
Temp (°C) 16.3 16.4
DO (%) 110.7 114.9
Low Estuary DO (mg m?3) 10.9 1.2 1702391 5617525
Salinity (ppt) 0.1 0.1
PC RFU 0.1 0.1
Chla (ug I'") 1.7 2.4
Depth (m) 2.5 0.2
Temp (°C) 17.2 16.5
DO (%) 126.2 114.2
Waingongoro  Middle Estuary DO (mg m?3) 12.3 111 1702469 5617650
Salinity (ppt) 0.1 0.1
PC RFU 0.2 0.2
Chla (ug I'") 29 22
Depth (m)
Temp (°C)
DO (%)

Upper Estuary DO (mg m3)
Salinity (ppt)
PC RFU
Chla (ug I'")

T Al sampling undertaken at mid-low tide using an EXO1 (Sonde 15F103960; Serial Number: 15F103960; Firmware Version: 1.0.73), Feb 26" - March 4™ 2019,
Taranaki.
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Summary of subtidal water quality data'.

Water Column Position Location
Estuary Site Parameter
Bottom Surface NZTM North NZTM East
Depth (m) 2.0 0.2
Temp (°C) 15.9 15.7
DO (%) 108.1 111.0
Low Estuary DO (mg m=) 10.7 11.0 1691152 5619874
Salinity (ppt) 0.1 0.1
PC RFU 0.2 0.1
Chla (ug I'") 3.1 1.2
Depth (m) 0.5
Temp (°C) 15.7
DO (%) 112.0
Kaupokonui Middle Estuary DO (mg m?3) 11.0 - 1691145 5620002
Salinity (ppt) 0.1
PC RFU 0.2
Chla (ug I'") 2.0
Depth (m)
Temp (°C)
DO (%)
Upper Estuary DO (mg m?)
Salinity (ppt)
PC RFU
Chla (ug I'")
Depth (m) 1.5 0.2
Temp (°C) 21.0 19.9
DO (%) >150 122.0
Low Estuary DO (mg m) >15.0 111 1682702 5670485
Salinity (ppt) 19.9 0.1
PC RFU 21 0.1
Chla (ug I'") 30.7 1.9
Depth (m) 2.0 0.2
Temp (°C) 21.0 19.6
DO (%) 100.5 107.5
Oakura Middle Estuary DO (mg m?3) 8.1 9.8 1682779 5670404
Salinity (ppt) 17.2 171.8
PC RFU 3.0 0.1
Chla (ug I'") 47.7 1.0
Depth (m)
Temp (°C)
DO (%)

Upper Estuary DO (mg m3)
Salinity (ppt)
PC RFU
Chla (ug I'")

T A sampling undertaken at mid-low tide using an EXO1 (Sonde 15F103960; Serial Number: 15F103960; Firmware Version: 1.0.73), Feb 26" - March 4" 2019,
Taranaki.
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Summary of subtidal water quality data'.

Water Column Position Location
Estuary Site Parameter
Bottom Surface NZTM North NZTM East
Depth (m) 1.5 0.2
Temp (°C) 20.5 20.6
DO (%) 109.3 104.3
Low Estuary DO (mg m?3) 7.2 6.7 1684537 5671624
Salinity (ppt) 0.1 0.1
PC RFU 0.1 0.1
Chla (ug I'") 1.9 1.7
Depth (m) 1.0 0.2
Temp (°C) 22.0 20.7
DO (%) >150 132.0
Tapuae Middle Estuary DO (mg m3) 30.1 11.8 1684558 5671501
Salinity (ppt) 15.2 0.1
PC RFU 1.4 0.1
Chla (ug I'") 35.0 1.2
Depth (m)
Temp (°C)
DO (%)
Upper Estuary DO (mg m?)
Salinity (ppt)
PC RFU
Chla (ug I'")
Depth (m) 0.5
Temp (°C) 17.7
DO (%) 96.6
Low Estuary DO (mg m3) 9.2 1694204 5676999
Salinity (ppt) 0.1
PC RFU 0.2
Chla (ug I'") 3.3
Depth (m) 2.0 0.2
Temp (°C) 17.4 17.8
DO (%) 96.2 99.8
Te Henui Middle Estuary DO (mg m?3) 9.2 9.5 1694363 5676943
Salinity (ppt) 165.5 135.9
PC RFU 0.2 0.1
Chla (ug I'") 48 0.9
Depth (m)
Temp (°C)
DO (%)

Upper Estuary DO (mg m3)
Salinity (ppt)
PC RFU
Chla (ug I'")

T A sampling undertaken at mid-low tide using an EXO1 (Sonde 15F103960; Serial Number: 15F103960; Firmware Version: 1.0.73), Feb 26" - March 4™ 2019,
Taranaki.
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Summary of subtidal water quality data'.

Water Column Position Location
Estuary Site Parameter
Bottom Surface NZTM North NZTM East
Depth (m) 1.5 0.2
Temp (°C) 22.0 19.6
DO (%) >150 107.2
Low Estuary DO (mg m) 17.6 9.8 1676574 5667865
Salinity (ppt) 45 0.1
PC RFU 1.3 0.2
Chla (ug I'") 37.3 29
Depth (m) 1.0 0.2
Temp (°C) 22.0 18.4
DO (%) >150 125.4
Katikara Middle Estuary DO (mg m) 16.5 11.7 1676534 5667773
Salinity (ppt) 12.5 0.1
PC RFU 1.3 0.1
Chla (ug I'") 42.8 3.1
Depth (m)
Temp (°C)
DO (%)
Upper Estuary DO (mg m?)
Salinity (ppt)
PC RFU
Chla (ug I'")
Depth (m) 0.5
Temp (°C) 17.9
DO (%) 100.8
Low Estuary DO (mg m) 9.5 1679659 5669540
Salinity (ppt) 0.05
PC RFU 0.05
Chla (ug I'") 1.02
Depth (m) 3 0.2
Temp (°C) 214 18.3
DO (%) 67.1 98.9
Timaru Middle Estuary DO (mg m?) 4.9 9.2 1679592 5669461
Salinity (ppt) 29.8 0.05
PC RFU 0.3 0.02
Chla (ug I'") 18.9 0.38
Depth (m) 2 0.2
Temp (°C) 21.5 19.5
DO (%) 142 104
Upper Estuary DO (mg m) 11 9.1 1679597 5669299
Salinity (ppt) 21.3 0.05
PC RFU 0.5 0.1
Chla (ug I'") 26.5 0.8

T Al sampling undertaken at mid-low tide using an EXO1 (Sonde 15F103960; Serial Number: 15F103960; Firmware Version: 1.0.73), Feb 26" - March 4™ 2019,
Taranaki.
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Appendix C:

Vulnerability Matrices
Taranaki Region Estuaries (Section 2.2)
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MOHAKATINO ESTUARY - VULNERABILITY TO EUTROPHICATION AND SEDIMENTATION DETAILS

SITE: MOHAKATINO ESTUARY

DATE: (MARCH 2019)

KEY FOR NZ ETI-BASED
RATINGS

Minimal High

Very High

Moderate

SUSCEPTIBILITY AND EXISTING CONDITION RATINGS

1. NZETI (TOOL 1) EUTROPHICATION RATINGS BASED ON SUSCEPTI-
BILITY TO NUTRIENT LOADS AND PHYSICAL CHARACTERISTICS

3. SUSCEPTIBILITY TO SEDIMENTATION RATINGS BASED
ON SEDIMENT LOADS AND PHYSICAL CHARACTERISTICS

Minimal

Phytoplankton susceptibility:

Macroalgal susceptibility:

Overall Susceptibility to Eutrophication Rating

CONDITION

2. NZETI (TOOL 2) EUTROPHICATION RATINGS BASED ON EXISTING

Primary Indicators

Chlorophyll a 1-day mean (surface and hottom water at 2 subtidal
sites, n=4) = 3.88 ug I - indicative value only
Dissolved Oxygen | 1-day mean (surface and bottom water at 2 subtidal

sites, n=4) = 7.15 mg |- indicative value only

Macroalgae (EQR) | Very low throughout estuary

Supporting Indicators

Mean of measured RP at 1 cm depth (representative
the most impacted sediments in at least 10% of
estuary area) =-54 mV

Redox Potential

Sediment % Mud | 34% of unvegetated intertidal estuary was soft mud

Seagrass No seagrass in estuary

Clarity (SD, cm) SD not visible on bed over 60% of estuary

Overall Existing Condition Eutrophication Rating

Minimal

Not Used

Current State Sediment Load

(CSSL)/Natural State Sediment
Load (NSSL) ratio

26

Well flushed dur-
Presence of Poorly Flushed ing flood periods High
Habitat - poorly flushed at 9
low flows.
Overall Sedimentation Susceptibility Rating Mod-High

4. SEDIMENTATION RATINGS BASED ON EXISTING
CONDITION

Percentage of
estuary with soft
mud (~>25%
sediment mud
content)

34% of unvegetated intertidal
estuary and approximately 50-
60% of subtidal area was soft
muds.

Overall Sedimentation Existing Condition Rating

STRESSOR INFLUENCE ON STRESSOR INFLUENCE ON
STRESSOR SUHEEE O IALEN e USES AND VALUES MONITORING INDICATORS/ISSUES
ON HABITAT
HUMAN USES ECOL. VALUES EUTROPHICATION SEDIMENTATION
v )
$ _ S
3 |& 